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SAFETY AND FIRST AID 
SUGGESTIONS 


Regardless of how well electrical equipment is 
designed, personnel can be exposed to 
dangerous electrical shock when protective 
covers are removed for maintenance or other 
activities. Therefore, it is incumbent on the 
user to see that all safety regulations are 
consistently observed and that each individual 
assigned to the equipment has a clear 
understanding of first aid related to electrical 
hazards. 


In addition, the following safety practices 
must be followed: 


1 Do not attempt to adjust unprotected 
circuit controls or to dress leads with 
power on. 


2 Do not touch heavily loaded or overheated 
components without precaution to avoid 
burns. 


3 Do not assume that all danger of electrical 
shock is removed when power is off. 
Charged capacitors can retain dangerous 
voltages for a long time after power is 
removed. These capacitors should be 
discharged through a_ suitable resistor 
before any Circuit points are touched. 


* AEN ey 
SAE 


4 Always avoid placing parts of the body in 
series between ground and circuit points. 


5 Remember that some semiconductor cases 
and solid-state circuits carry high voltages. 


6 Don't take chances. Be fully trained. 
Ampex equipment should be operated and 
maintained by fully qualified personnel. 


If someone seems unable to free himself while 
receiving an electrical shock, turn power off 
before attempting to render aid. A muscular 
spasm or unconsciousness can make a victim 
unable to free himself from the electrical 
power. 


WARNING 


DO NOT TOUCH VICTIM OR HIS 
CLOTHING BEFORE POWER IS RE- 
MOVED OR YOU MAY ALSO 
BECOME A SHOCK VICTIM. 


If power cannot be removed immediately, very 
carefully loop a length of dry nonconducting 
material (such as rope, insulating material, or 
clothing) around the victim and pull him free 
of the power. Carefully avoid touching him or 
his clothing until free of power. Immediately 
start the appropriate first aid procedures. 


GOOD PRACTICES 


In maintaining the equipment covered in this manual, please keep in mind the 
following standard good practices: 


vi 


1 


When connecting any instrument (oscilloscope, waveform monitor, etc.) to a 
high-frequency output, use the appropriate termination resistor at the input 
of the instrument, unless the instrument is terminated internally. 


When inserting or removing printed wiring assemblies (PWAs), cable 
connectors, or fuses, always turn off power to the affected portion of the 
equipment. After power is removed, allow sufficient time for the power 
supplies to bleed down before reinserting PWAs. 


When troubleshooting, remember that FETs and other metal-oxide- 
semiconductor (MOS) devices may appear defective because of leakage 
between traces or component leads on the printed wiring board. Clean the 
printed wiring board and recheck the MOS device before assuming it is 
defective. 


When replacing MOS devices, follow standard practices to avoid damage 
caused by static charges and soldering. 


When removing components from PWAs particularly ICs), use care to avoid 
damaging PWA traces. 
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SECTION 1 
GENERAL INFORMATION 


1-1 SCOPE OF THE MANUAL 


This manual provides information to facilitate installation and maintenance of the 
Concentrator, Ampex Part No. 1464600. This unit is an accessory for, and is 
installed in, the Ampex Digital Optics (ADO) System. To avoid confusion, 
descriptions in this manual assume a four-channel concentrator connected to a 
system containing eight control units, four signal systems, and two hub boxes. (The 
Hub Box Assembly, Ampex Part No. 1464405, is also an ADO accessory.) 
Application of this information to other system configurations is always obvious. 


1-2. PURPOSE OF THE EQUIPMENT 


The purpose of the concentrator is to improve the quality of video effects produced 
by the system, to make them easier to produce, and to relieve the burden of work 
on the switcher. 


1-3 CAPABILITIES 


The concentrator makes possible something known as video channel combines. 
Combines consist of two to four channels combined in such a way as to make 
scenes in the various channels appear to be one behind the other. For example, 
Figure 1-1 illustrates a combine with scene B in front followed by scene A, which is 
followed by scene D. This combine appears over a gray background. The 
concentrator can supply a background of any color desired. 


Figure 1-1. Combine Example 
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Channels in a combine can have various degrees of transparency. This allows scenes 
in back of others to partially show through, as is the case in Figure 1-1 which 
illustrates channels A and D showing through channel B. Channels can also be 
dimmed if desired. Changes in transparency and dimness of channels, like changes 
in priority, can be programmed to occur automatically. 


Because timing differences between video channels are completely eliminated, 
‘combines produced by the concentrator come together perfectly. The concentrator 
can do soft edge keying when provided with a soft key from the signal system. 


The concentrator can also produce two independent combines simultaneously. Of 
course, they must be controlled from two different control units and must use 
different video channels. 


1-4 FUNCTIONAL DESCRIPTION 


A concentrator, connected to an ADO system, receives digital video from channel 
A, B, C, and D signal systems. (See Figure 1-2.) The video is processed to produce 
combines and the processed video is returned to one or more of the signal systems 
supplying a video input for the combine. A combine can be programmed from any 
one of the eight control units and can use any combination of video inputs from 
channels A through D. Program data that defines a combine to be produced is fed 
to the concentrator from a control unit via a hub box. A remote terminal should be 
connected to the concentrator for diagnostic purposes. 


1-5. PHYSICAL DESCRIPTION 


The concentrator chassis contains power supplies, cooling fans, and a section for 
PWAs. (See Figures 1-3, 1-4, and 1-5.) The +5 volt and -5 volt supplies are for TTL 
and ECL circuits, respectively. The PWA section is accessed by a separate hinged 
panel. All connections to the concentrator chassis are made by connectors located 
at the rear of the unit. 


1-6 STANDARD AND OPTIONAL EQUIPMENT 


A standard concentrator contains the basic assembly, Ampex Part No. 1464402, a 
line voltage kit, and a two-channel kit. The line voltage kit may be either a 120- 
“Vac kit or a 230-Vac kit. These are Ampex Part Numbers 1464407 and 1464408, 
respectively. Two-channel kits are available for NTSC/PAL-M and PAL-I 
applications. The two-channel NTSC/PAL-M kit is Ampex Part Number 1464409. 
The two-channel kit for PAL applications is Ampex Part Number 1464410. 


Optional kits are available to convert standard concentrators to four-channel units. 
There are two such kits, one for NTSC/PAL-M and one for PAL applications. They 
are Ampex Part Numbers 1464403 and 1464557, respectively. 


1-7. SPECIFICATIONS 


Specifications for the concentrator are listed in Table 1-1. Ampex reserves the 
right to make product and specification changes at any time without notice. 
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Figure 1-2. 
Concentrator Interconnection Diagram 
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Figure 1-4. Concentrator—Rear View 
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Figure 1-5. Concentrator Rear Door 


Table 1-1. Specifications 


Size: 22-3/4 in. x 19 in. x 22 in. (578 mm x 483 mm x 560 mm) 


Weight: 151 |b (68 kg) 


Power requirements: Power requirements will vary depending on the options. The 
current will not exceed 30A at 120 Vac or 15A at 230 Vac in any 
case. 
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SECTION 2 
INSTALLATION 


This section provides information for unpacking, inspecting, mounting, and inter- 
connection of the concentrator. 


2-1 UNPACKING 


The concentrator is shipped from the factory in a specially constructed packing 
case. Caution should be exercised in unpacking to prevent damage to cabinet finish 
or associated parts. Check contents of the packing case and check packing 
materials for accessory items. Check all items against the packing list to ensure 
shipment is complete. Carefully examine the contents for damage that may have 
occurred during shipment. Notify the carrier and the Ampex representative of any 
shortage or damages. If it is anticipated that equipment will be moved or 
reshipped, retain all shipping containers and packing materials. 


2-2. INSTALLATION SITE 


The area chosen for the concentrator should be adequately ventilated and 
relatively dust free. Cooling air is drawn into the front of the concentrator and is 
discharged at the rear. The concentrator should not be close to any strong 
electromagnetic fields. Common sources of interference include fluctuating loads 
on nearby high-current lines, fluorescent lighting, heavy duty transformers, 
elevator motors, and radio, television, and amateur radio transmitting equipment. 


2-3 RACK-MOUNTING INSTRUCTIONS 


WARNING 


BECAUSE OF THE WEIGHT OF THE CONCENTRATOR CHASSIS, 
TWO OR MORE PERSONS ARE NEEDED TO LIFT THE UNIT INTO 
PLACE IN THE RACK. FOR CONVENIENCE WHILE INSTALLING 
THE RACK-MOUNTING SCREWS, USE A BLANK PANEL OR 
OTHER SUPPORT FOR THE UNIT. 


The concentrator chassis is designed to mount in a standard 19-in. (483 mm) rack 

and occupy 22.75 inches (578 mm) of vertical rack space. For concentrator chassis 

dimensions, refer to Figure 2-1. Allow adequate space behind the unit for cable 

connection, air flow, and servicing. 

Mount the unit into a rack as follows: 

STEP | With the two doors closed, remove the two screws (A) that hold the grill 
to the bottom front of cabinet. (See Figure 2-2.) 
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22.00 IN. ; 17.00 IN. 
(55.9 cm) | (43.2 cm) 


20.375 IN. : . 
(51.8 cm) 22:75 IN. 
(57 8 cm) 
15.125 IN. 
(38.4 cm) 
13.375 IN. 
(34.0 cm) 
7.625 IN. 
(19.4 cm) 


19.00 IN. 
i 5 ee (48.2 5 ———+ 


0.86 IN. 
(2.2 cm) 


Figure 2-1. Concentrator Chassis Dimensions 


STEP 2. Remove the two screws (B) that hold each of the two grill mounting 
clips. 


Note 


It is necessary to remove handles from sides of cabinet before 
mounting unit into rack (four screws each handle). 


STEP 3 Place unit into the 19-in. rack and secure with four screws (B). 


STEP 4 Turn latches (C) counterclockwise to release top door. Open door and 
install two mounting screws, one each side. Close and secure door. 


STEP 5 Turn latches (D) counterclockwise to release bottom door. Open door and 
install six mounting screws, three each side. Close and secure door. 
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Figure 2-2. Concentrator Chassis 


STEP 6 Loosen bottom four screws and install the slotted grill mounting clips. 
Tighten screws. 


STEP 7 Reinstall grill (two screws). 


2-4 POWER AND SIGNAL CONNECTIONS 


All connections to and from the concentrator are made to connectors at the rear of 
the chassis. (See Figure 2-3.) These connectors and their functions are listed in 
Table 2-1. 
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Connector 


H PROC A 
H PROC B 
H PROC C 
H PROC D 


DIA A 
D/A B 
D/A C 
D/A D 


CP 0 
CP 1 
CP 2 
CP 3 
CP4 
CP 5 
CP6 
CP7 


CP 0-3 


CP 4-7 


16535-1 


Figure 2-3. Concentrator Connectors 


Table 2-1. Functions of Chassis Connectors 


Digital video from channels A through D 


Digital video to channels A through D 


Digital control data from control units 0 through 7 


Digital control data from control units 0 through 3 via the hub box 


Digital control data from control units 4 through 7 via the hub box 


(Continued next page) 
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Table 2-1. Functions of Chassis Connectors (Continued) 


Connector Function 


SWITCH 422 Not used in this application 


SWITCH 232 Not used in this application 


MAINT Diagnostic routines from remote terminal 
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SECTION 3 
THEORY OF OPERATION 


3-1 INTRODUCTION 
Note 


Before reading Section 3, refer to paragraphs 1-3 and 1-4 for a 
description of capabilities and functions of the concentrator. 


This section describes processing of digital video signals received from signal 
systems in the ADO format. An ADO channel contains seventeen digital lines 
designated YO through Y7, 9THBIT, and CKO through CK7. For convenience, a brief 
description of these signals is presented here: . 


e@ The YO through Y7 lines represent luminance strength as a binary number. 
The most significant bit, carried by line Y7, is the sign bit with 0 and 1 
representing positive and negative signs, respectively. The highest value the 
bits can represent is 01111111, which is equivalent to +127 to the base 10. 
The lowest value is 10000000, which in twos complement form is equivalent 
to -128. 


e The 9THBIT line is used in two different ways. During sync pulses it is used 
to double the dynamic range of the luminance signal so that synchronizing 
waveforms can be generated by the same digital-to-analog converter that 
produces picture luminance. At certain other times it is used to carry serial 
digital control data from the signal system to the concentrator. 


e The CKO through CK7 lines alternately carry chrominance and key data. 
Key data is used in the ADO format to define the transparence of a channel 
as an inverse function. (The higher the value of the key number, the less 
transparent the channel.) Chrominance and key strength are represented as 
binary numbers with values from -128 to +127 in the same manner as 
luminance strength. When the key number is at its minimum value, -128, the 
channel is completely transparent. The highest number, +127, represents a 
completely opaque channel. 


3-2. GENERAL 


Video channel! combines are produced in the concentrator by processing binary 
numbers representing picture elements. Channels to be combined are first 
synchronized so that binary numbers representing corresponding picture elements 
in different channels arrive at processing logic in the concentrator during the same 
cycle of processing clocks. Numbers representing corresponding picture elements 
are combined to produce new numbers to represent corresponding picture elements 
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in combined video. Numbers are combined by taking a percentage of each and 
adding the products. Total percentages taken for all numbers comes to 100%. This 
100% includes the percentage of background that is summed. The process of 
reducing numbers to some percentage of their original value is referred to in this 
section as cutting. 


3-3 SYNCHRONIZING VIDEO CHANNELS 


Synchronization (with each other) of the video channels in a combine is necessary 
even though all video channels are generated in synchronization with a master 
reference. This is so because delays in cables and equipment cause small timing 
differences to accumulate. When a combine is made, the control unit operator 
selects one video channel as a reference. The concentrator then synchronizes other 
video channels in the combine with reference video. 


Video channels in a combine are synchronized with reference video in the I/O 
PWAs. Digital video from channels A, B, C, and D is fed to I/O PWAs in slots 1, 2, 
3, and 4, respectively. (See Figure 3-1.) Along with each video channel is a LINE 
REF signal which defines the timing for that channel. Timing signals derived from 
the LINE REF signals are fed from each I/O PWA to the clock PWA. The timing 
signals from the reference channel are refined and returned to the I/O PWAs for all 
channels in the combine. The I/O PWAs then synchronize their video outputs with 
these timing signals. The LINE REF signal for each channel is a direct result of the 
output video reference signal applied to each channel. 


3-4 CUTTING 


The amount that a number, representing a picture element from a channel, is cut 
depends to a large degree on the key of the channel at that picture element. For 
example, in Figure 1-1! point 1 is on the background. The numbers from all three 
channels will be cut to 0% for this point since the key will be the minimum value of 
10000000. At point 2, 100% of the channel A number will be added to 0% of the 
channel B and D numbers. At point 3, the channel B number will be cut slightly and 
the channel A and D numbers will be cut to 0%. If a key of 01011111 is assumed for 
channel B, the channel B number will be cut to 87.5% at point 3. 


The position of the channel, in the front to back sequence of channels in a combine, 
also affects how a number is cut. This is referred to as the priority of the channel. 
For example, in Figure l-! channel! B has the highest priority, channel A is second, 
and channel D has the lowest priority. The channel D number at point 4 is cut to 
0% since it has a lower priority than channel A, which is completely opaque with a 
key of OLIII111 at this point. The channel A number at point 5 is cut to 12.5% 
since it has a lower priority than channel! B, which has a key of O1011111 at this 
point. 


Cutting is accomplished by first processing key data according to priority and then 
multiplying bytes of processed key data by bytes of corresponding luminance and 
chrominance data. Binary numbers representing key are first converted to binary 
fractions to make them compatible with ICs that perform the arithmetic functions. 
In the binary fraction notation, the maximum value of a number is one, written as 
1.0000000, and the minimum value is zero, written as 0.0000000. 
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Figure 3-1. 
Concentrator Block Diagram 


3-3 


ADO 


Key data received with chrominance in video channels A_ through: D is 
demultiplexed by the I/O PWAs and fed to Keyer PWAs. (Refer to Figure 3-1.) 
Keyer PWAs convert the key data to the binary fraction form. The Combiner 
Computer PWA sends control data to Keyer PWAs, thereby defining the priority of 
channels for each of two combines. The key input for each channel is then 
converted to a processed key output, reflecting its priority in a combine. The 
processed key for each channel is fed to a Cutter PWA which also receives 
luminance and chrominance data for the channel. Luminance and chrominance 
bytes are multiplied by the corresponding key bytes to produce cut video outputs. 


In addition to processing key data for each channel, the Keyer PWAs also produce 
two background video signals. One of these is available for each of the two 
combines which can be produced simultaneously. A key signal is produced for each 
background to cut areas in the raster covered by channel! video inputs. The 
background video and key signals are fed to a Cutter PWA in slot 6 which cuts 
these video signals. 


3-5 ADDING 


Cut video data is added by the Adder PWA in slot 8. This PWA contains circuitry 
for performing two adding operations simultaneously. Any combination of inputs 
can be fed to either adder section. The outputs of either adder section can be fed 
to any of the four channel! outputs. 


A video combine from the Adder PWA is fed to the same I/O PWAs that provided 
video for the combine. The control unit operator can select signal systems that are 
to receive the combined video. Gating in I/O PWAs is provided to select combined 
video from the Adder PWA to feed back to the analog section of the signal system. 
Gating may also select the input from the digital section of the signal system to 
feed back to the analog section. In this case, the video is first synchronized with 
the combined video. 


Gating into and out of the adder sections, and gating in the I/O PWAs that select 
video to feed to signal systems, is controlled by data from the Combiner Computer 
PWA. 


3-6 I/OPWA 


An I/O PWA provides an interface between one signal system and the concentrator. 
There are four slots in the concentrator for these boards, enabling the concentrator 
to be connected to up to four signal systems at a time. A board receives a digital 
video signal from the digital chassis of the associated signal system. The video 
Signal is received in the ADO format. It is delayed by the board to bring it into 
synchronization with other video signals in the same combine. (Although all video 
Signals are generated in sync with the house master reference, delays in equipment 
and cables cause smal! differences in timing to accumulate. These differences are 
eliminated by this synchronizing function.) The synchronized video signal is then 
reformatted for processing by other types of concentrator boards. When processing 
by other boards is complete, the video signal is returned to the I/O board. It is then 
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restored to the ADO format and fed to the analog chassis of the associated signal 
system. Delays produced by processing, after initial synchronization, are the same 
for all video signals in the same combine. Consequently, outputs of a combine to 
analog chassis are synchronized with each other. 


Under some ADO system operating conditions, the video signal received by an I/O 
board from a signal system is not processed by other concentrator boards. In this 
case, the video signal is looped through the I/O board to become the output back to 
the signal system. A video signal that is looped through may be synchronized with 
its own LINE REF signal or it may be synchronized with video signals in other I/O 
boards, as already mentioned. Then it is delayed, to compensate for the time used 
to further process the other video signals, and fed to the analog chassis in 
synchronization with them. 


In addition to the video processing functions of the I/O board, the board also stores 
control data received from the signal system. The data is stored in a RAM in the 
I/O board which is accessible to the Combiner Computer PWA. 


3-7 Synchronization of Digital Video Inputs 

Input video signals on I/O boards are synchronized with each other by delaying 
them an appropriate amount of time. One video input which has been selected as 
the reference is delayed a fixed amount. Video signals that are leading the 
reference are delayed more and lagging signals are delayed less, as necessary, to 
bring them into synchronization with the reference. Video signals are delayed by 
storing each byte of video data into a memory as it is received and then reading it 
out a short time later. Each I/O board contains a memory for this purpose. The 
memory on the board receiving the reference video alternates between read and 
write cycles. As each byte is received it is loaded into memory following a fixed 
sequence of addresses. After each loading, a byte which was stored a short time 
previously is read out. Read addresses follow the same sequence as write addresses 
but the read sequence trails the write sequence by a fixed number of write/read 
cycles. The delay produced by this storage scheme equals the number of cycles by 
which a read address trails the previous write address times the byte period. 


The amount of delay required to synchronize other video signals with the reference 
video signal is achieved by the method of memory addressing. The address 
generated to store each byte, as it is received, is established by the location of the 
corresponding picture element in a frame. Addresses generated to read bytes from 
the delay memory are in step with read addresses generated on the I/O board 
receiving the reference video. Consequently, corresponding bytes in different video 
channels may be stored at different times but they are read out together. 


Input video data is stored in the YCK RAM and the 9THBIT RAM to produce a 
delay. (See Figure 3-2.) The data is received by an I/O board on 17 parallel lines. 
Luminance lines YO through Y7, 9THBIT, and lines which carry chrominance and 
key data, CKO through CK7, are fed to the input register. Bytes are clocked into 
this register by the DATACLK signal. This is a byte-time clock which is derived 
from input video clock ICLK by the arbitrator. Outputs of the input register are 
written into the YCK RAM or the 9THBIT RAM in the case of the 9THBIT signal by 
WRITE pulses. The arbitrator guarantees there is a write pulse for every byte of 
data. 
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Data carried on the 9THBIT line is not affected by video processing, which 
produces combines. Consequently, this line is always looped through the I/O board 
and fed back to the signal system with the processed version of the Y and CK data 
with which it was received. The 9THBIT data is stored in a separate RAM because 
this data is delayed longer than data stored in the YCK RAM. The additional delay 
compensates for time used to process Y and CK data. Control data carried on the 
9THBIT line goes directly to the 9THBIT decode logic and is not affected by the 
delay. 


3-8 Write Addresses 


Write addresses are produced by the write address counter. This counter is preset 
to the highest address in use by the ECL INPUT PRESET pulse. (The highest 
address in use is NTSC/PAL-dependent.) The preset pulse is detected during the 
same picture element in each frame. After the preset the counter is decremented, 
at the byte rate, by the ICLK clock. After decrementing to zero, the counter 
presets to the highest address in use on the next ICLK pulse and then continues 
decrementing and presetting in this manner. When another preset pulse is detected 
in the next frame, it should find the counter at the preset address. Since write 
counters on all I/O boards are preset at the same picture element in their 
respective video inputs, corresponding picture elements are stored in the same 
addresses on all boards. 


The ECL INPUT PRESET pulse is detected in control data received on the 9THBIT 
line. This line is fed to the 9THBIT decode logic which detects the pulse and 
produces the TTL INPUT PRESET pulse. This pulse is converted from TTL to ECL 
by the board clocks and control generator to produce the ECL INPUT PRESET 
pulse. ; 


The preset number comes from the combiner computer. It is the same on all I/O 
boards. It is fed from the computer to the MCHBUS interface on the DO through D7 
lines. It is stored in a MCHBUS interface register selected by the A0-A7 lines. The 
register output is fed to the write address register on the LO through L7 lines. 


Write addresses from the write address counter are fed to the YCK address 
generator and the 9THBIT address generator on the WO through W7 lines. When the 
state of the R/W signal to these address generators indicates a write cycle, the 
address is gated through. It is fed from the YCK address generator to the YCK 
RAM on the JO through J7 lines and from the 9THBIT address generator to the 
9THBIT RAM on the NO through N7 lines. 


3-9 Read Addresses 


YCK RAM and 9THBIT RAM read addresses on I/O boards are synchronized with 
their counterparts on all other I/O boards. Read addresses for the YCK RAM and 
STHBIT RAM are produced by the YCK address generator and the 9THBIT address 
generator, respectively. All read addresses on all I/O boards are preset at the same 
time, near the beginning of a frame, by the OUTPUT PRESET pulse. The YCK 
RAM addresses are preset to a number on the EO through E7 lines and the 9THBIT 
RAM addresses are preset to a number on the BO through B7 lines. The EO through 
E7 numbers are the same on all boards as are the BO through B7 numbers. After 


3-6 Ampex 1809633-01 


vYo-Y7 
CKO—CK7 
FROM 
ADO 
DIGITAL STHBIT 
CHASSIS 
ICLK 
75 ns 
x1 
LINE REF 
LINE REF 
TO 
ADO 
ANALOG 
CHASSIS 
OCLK 
OTHBIT 
YO—Y7 
CKO—CK7 


Ampex 1809633-01 


INPUT 
REGISTER 


SHEET 2 


ECL 
DRIVER 
SHEET 7 


ECL 
RECEIVER 
SHEET 2 


TTL 
TO 
ECL 
DRIVERS 
SHEET 7 


O9THBIT 


SHEET 2 


OUTPUT 
REG 
SHEET 2 


WRITE 
ADDRESS 
COUNTER 


SHEET 4 9THBIT 


ADDRESS 
GENERATOR 
SHEET 4 


GENERATOR 
SHEET 4 
i=, 


ICLK 
ADDRESS 


ARBITRATOR 
SHEET 4 


ECL INPUT PRESET 


TTLOCLK 


O9THBIT 


CKO—CK7 


H PHASE 
LOCK LOOP 


SHEET 10 


READ CLK 


OCLK 


O9THBIT 
DECODE 
LOGIC 
SHEET 8 


128X8 


RAM 


CKO-—CK7 


YO~-Y7 
YCK 
SYNC 
REGISTER 
SHEET 2 CKO—CK7 


S9THBIT 


MCHBUS 
INTERFACE 
SHEET 8 


LOOPTHRU 
DELAY 
LOGIC 
SHEET 6 ; 


CONCENTRATOR 
FORMATTING 
LOGIC 
SHEET 3 


BOARD CLOCKS 
AND 
CONTROL 
GENERATOR 
SHEET 5 


SELKEY 


ADO 
FORMATTING 
LOGIC 


SHEET 7 


SELCHROMA 


YYCO—YYC7 


ECL X 1.5 


SDO—SD7 


MD10—MD17 


KO-—K7 


KEY 
SELECT 


REGISTER 
SHEET 7 


YYC DELAY 
LOGIC 
SHEET 3 


K110—K117 


K210—K217 


MO—M?7 


ADO 


MUX. DATA. OUT 


50 ns TO CUTTER 
xX 1.5 

KEY OUT 

150 ns TO KEYER 

xX 1.5 


MCHBUS } TO/FROM COMPUTER 


X3 
FROM 
CLOCK 
BOARD 
HPHASE 


MUX. DATA. IN 


50 ns, X 1.5 FROM ADDER 


KEY (1) IN 
150 ns X 0.5 


FROM KEYERS 


KEY (2) IN 
150 ns X 0.5 


PLLX3 


TO 
PLLHPHASE CLOCK BOARD 


Figure 3-2. 
I/O PWA Block Diagram 


3-7 


ADO 


preset by the OUTPUT PRESET pulse, the addresses are decremented in step with 
read addresses on other boards by the OCLK clock. After decrementing to zero, 
read addresses are preset to the highest address in use. This is the same number 
used to preset the write address counter and is fed to the address generators on the 
LO through L7 lines. After the preset, read addresses continue to decrement and 
recycle in the same manner as write addresses. 


The OUTPUT PRESET pulse is generated by the board clocks and control 
generator. This pulse is derived from X3 IN and HPHASE IN signals from the clock 
PWA. X3 IN and HPHASE IN signals in turn are derived from the LINE REF signal 
fed to the I/O board receiving reference video. The LINE REF signal to an I/O 
Board is a composite sync from the analog chassis of the associated signal system. 
It is fed to the H phase lock loop. The loop generates X3 OUT and HPHASE OUT 
signals which are phase locked to the LINE REF input. These signals are fed to the 
Clock PWA. The Clock PWA selects X3 OUT and HPHASE OUT signals from the I/O 
board receiving the reference video and gates them back to all I/O boards. Since all 
boards generate the OUTPUT PRESET pulse from the same inputs, this pulse 
occurs simultaneously on all boards. 


When the OUTPUT PRESET pulse occurs, the reference video signal is always at 
the same picture element. Consequently, the reference video write address is 
always the same at this time. The value of the EO through E7 number is selected to 
make the read addresses for reference video trail write addresses for reference 
video by the desired number of write/read cycles. The value of the BO through B7 
number is selected to trail the EO through E7 number as required to compensate for 
video processing time in the concentrator. This causes JTHBIT RAM outputs to be 
in step with processed video bytes fed back to the signal system. 


Preset numbers come from the Combiner Computer PWA. The EO through E7 
number is fed to the MCHBUS interface on the D8 through D15 lines. DO through 
D7 lines carry the BO through B7 number to the interface. These numbers are 
stored in registers in the interface which are selected by address lines AO through 
A7. 


The OCLK clock, which decrements read addresses, is produced by the board clocks 
and control generator. This signal, like the OUTPUT PRESET signal, is derived 
from the X3 IN and HPHASE IN signals, making it synchronous with its counterpart 
on all I/O boards. 


Read addresses are fed to the YCK RAM on the JO through J7 lines and to the 
9THBIT RAM on the NO through N7 lines when the state of the R/W signal 
indicates a read cycle. 


3-10 Complete Synchronization of Digital Video 


Video data loaded into the YCK RAM output register is synchronized with video in 
this register on other I/O boards to within one byte time. Complete synchronization 
is not achieved at this time because timing of the READ CLK signal on different 
I/O boards varies to accommodate the asynchronous nature of input video data. 
Data in the YCK RAM output register is clocked into the YCK sync register by the 
OCLK clock, which has the same timing on al! I/O boards, to achieve complete 
synchronization. 
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3-11 Concentrator Formatting 


The concentrator formatting logic converts outputs of the YCK sync register into 
the format used in the concentrator. Outputs of the YCK sync register consist of 
serial bytes of luminance data on the YO through Y7 lines and serial bytes of 
alternating key and chrominance data on the CKO through CK7 lines. The byte 
period in each case is 75 nanoseconds. (See Figure 3-3.) This is converted by the 
concentrator formatting logic into two sets of eight lines with one set carrying 
luminance and chrominance data and the other set carrying key data. Lines 
carrying luminance and chrominance, YYCO through YYC7, have a byte period of 
50 nanoseconds. They carry two bytes of luminance followed by one of chrominance 
during three-byte periods. The lines carrying key data, KO through K7, have a byte 
period of 150 nanoseconds. As can be seen from the diagram, two bytes of 
luminance, one of chrominance, and one of key are received and fed out of the 
concentrator formatting logic during 150 nanosecond periods. The time when a 
chrominance byte is on the CKO through CK7 lines is identified by the SEL- 
CHROMA line to the formatting logic. 


3-12 Compensating Delay for Key Processing 


The YYC output of the concentrator format logic is delayed to compensate for 
time used in processing key data in the concentrator. This delay is produced by the 
YYC delay logic. The logic also converts ECL inputs to TTL outputs. ECL X 1.5 
clocks data into the logic. The SDO through SD7 input is a binary number specifying 
the number of periods of the ECL X 1.5 clock the delay will last. The TTL X 1.5 
clocks TTL data out. 


3-13. ADO Formatting 


ADO formatting converts digital video returning from other parts of the 
concentrator back into the ADO format. This process is the reverse of that 
performed by the concentrator formatting logic. 


ADO LUMI- 
NANCE BYTES Ya Yb Ye Yd Ye YT Yg Yh 
75 
« ne >| 
ADO CHROMINANCE 
AND KEY BYTES Ca Ka Cb Kb Cc Ke Cd 


CONCENTRATOR LUMI- 
ueeaerasn" — Ta Tw lel [~[=|~[~]=[~]™ 
NANCE BYTES 

50 


|< 


CONCENTRATOR 
KEY BYTES 


Figure 3-3. ADO and Concentrator Digital Data Formats 


Ampex 1809633-01 3-9 


ADO 


The key select buffers select the K1I0 through K1I7 or K2I0 through K2I7 inputs to 
feed to the ADO formatting logic depending on the state of SELKEY 1 and 
SELKEY 2 signals. Selected key data is fed to the logic on lines KO through K7. 


The ADO formatting logic receives luminance and chrominance data on MDIO 
through MDI7 lines in the same format as the output of the concentrator 
formatting logic on YYCO through YYC7 lines. The ADO formatting logic produces 
luminance outputs from MDI inputs. Luminance outputs are put on the YO through 
Y7 output lines. | 


Key and chrominance outputs are put on the CKO through CK7 lines by combining 
key data received on the KO through K7 lines with chrominance data received on 
the MDIO through MDI7 lines. Timing to select from the key or chrominance source 
for the CK output is provided by the SELKEY input to the ADO formatting logic. 


Outputs of the ADO formatting logic are tri-state. They are enabled by an inactive 
state of the LOOPTHRU signal except when video data is being looped through the 
I/O board. When these outputs are enabled they are converted from TTL to ECL by 
the TTL to ECL drivers. The outputs of the drivers are then fed to the analog 
chassis of the associated signal system. 


3-14 Video Loopthrough Function | 


Video that is looped through the I/O board is delayed by the loopthrough delay logic 
and then fed to the analog chassis of the signal system through the TTL to ECL 
drivers. The delay is to compensate for delays that occur in video data that is 
processed by the concentrator. The LDO through LD7 input to the delay is a binary 
number specifying the number of periods of the TTLOCLK clock that the delay is 
to last. Inputs to the logic are ECL. They are converted to TTL for internal use. 
Outputs of the logic are tri-state TTL. They are enabled by an active state of the 
LOOPTHRU signal when this function is used. 


3-15 Input Register 


This register receives data from the digital chassis of a signal system. It contains 
ECL receivers 1A, 1B, 1C, 1D, 2D and registers 2A, 2B, and 2C. (See sheet 2 of the 
1/O schematic in Section 5.) Inputs to the registers are clocked in on positive-going 
transitions of the DATACLK signal to pin 9. 


The top eight lines, fed to pins 6, 7, 10, 5, 11, and 12 of IC 2A and to pins 6 and 7 
of IC 2B, are luminance lines. These lines are in the order of increasing 
significance from top to bottom. The next eight lines are chrominance/key lines. 
These lines are also in the order of increasing significance from top to bottom. The 
input to pin 12 of IC 2C is the 9THBIT line. 


3-16 YCK RAM 


This RAM delays data to synchronize it with data received by other I/O boards. It 
contains ICs 6A, 4A, 4B, and 4C. Each of these ICs is a 256 X 4 ECL RAM. The JO 
through J7 inputs are address lines. Contents of a selected address appear at pins 2, 
4, 21, and 23. When the WRITE signal is strobed low, inputs at pins 6, 7, 18, and 19 
are loaded into the RAM at the selected address. 
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3-17 9THBIT RAM 


This RAM delays 9THBIT data to synchronize it with data received by other I/O 
boards and to compensate for video processing time in the concentrator. It contains 
IC 7C. Addresses are fed to this RAM on the NO through N7 lines. These addresses 
are the same as JO through J7 addresses during write operations. However, they 
trail JO through J7 address by a fixed number of read/write cycles during read 
operations. 


3-18 YCK RAM Output Register 


This register contains ICs 7A, 5P, and 3D. Each of these ICs contains six D flip- 
flops triggered by a common clock to pin 9. Outputs of the YAC RAM and the 
STHBIT RAM are loaded into this register by a high transition of the READCLK 
signal. 


3-19 YCK Sync Register 


This register contains ICs 7D 5D, and 4D. Each of these ICs contains six D flip- 
flops triggered by a common clock to pin 9. Outputs of the YCK RAM output 
register are loaded into this register by a high transition of the OCLK signal. 


3-20 Concentrator Formatting Logic 


This logic receives digital data in the ADO format and converts it to the format 
used in the concentrator. The logic contains ICs 6D, 5D, 5E, 4E, 2E, 3E, and IE. 
(See sheet 3.) | 


The YYC1 through YYC7 signals are produced by 6D, 5D, 5E, and 4E. ICs 6D and 
5D contain six D flip-flops triggered by a common clock to pin 9. (Only two of the 
flip-flops in 5D are used in this logic.) The YO through Y7 signals are clocked into 
these flip-flops by the ECL X 1.5 signal which has a 50-nanosecond period. (See the 
timing diagram in Figure 3-4.) Outputs of 6D and 5D are multiplexed with the CKO 
through CK7 signals by ICs 5E and 4E to produce YYC outputs. ICs 5E and 4E are 
two-to-one multiplexers. Each one receives four pairs of inputs. One of each pair is 
selected to be gated through by the SELECHROMA input to pin 9. 


The KO through K7 outputs are produced by 2E, 3E, and LE from CKO through CK7 
inputs. ICs 2E and 3E convert the CK inputs from ECL to TTL logic. The TTL 
signals are transferred to eight latches in IE by high states of the KEYCLK signal. 
IC 1E has tri-state outputs which are always enabled by a low input to pin l. 


3-21 YYC Delay Logic 


This logic delays YYC data to compensate for time used in processing key data in 
the concentrator. It also converts data from ECL to TTL. It contains ICs 7F, 7E, 
7G, 6G, 5F, 4F, 3F, 2F, and IF. 


Delay is produced by storing data in RAMs 7F and 7E for a short period of time. 
Addresses to the RAMs follow a recycling sequence. As each address is accessed, 
the byte which was stored there on the previous address access, is read out. Then, 
the byte being read out is replaced by a new byte. The new byte remains until the 
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Figure 3-4. Concentrator Formatting Logic Waveforms 


address sequence returns again to this address and it is read out and replaced. This 
read/write procedure causes bytes to be stored for the amount of time it takes for 
addresses to recycle. 


Addresses for RAMs are produced by counter 6G/7G. This counter is decremented 
by the ECL X 1.5 clock. Each time the count reaches zero, the counter is preset to 
a binary number supplied on the SDO through SD7 lines. Consequently, address 
recycle time is the period of the ECL X 1.5 clock times the SD number plus one 
additional period (since address 00000000 is also in the cycle). 


Counter 6B/7G is put in preset mode when the clock goes low after decrementing 
to zero. (See Figure 3-5.) When counter 6G/7G receives the high clock transition 
that decrements it to zero, the carry in and S2 inputs of 6G go high. Since the 
carry in of 6G is high (inactive), the carry out is also high. This makes carry in and 
S2 inputs of 7G high. The high carry in to 7G makes 7G carry out high and input S1 
of both ICs high. The high S1 and high S2 inputs to both ICs puts them in hold mode. 
When the clock goes low, the low input to S2 of 6G puts it in decrement mode. The 
low (active) carry in to 6G causes it to produce a low carry out at this time since it 
is at count zero. The low carry out of 6G to S2 of 7G puts 7G in decrement mode. 
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The low input to carry in of 7G produces a low carry out. This output sets S1 of 
both ICs low, converting the decrement mode of both ICs to preset mode. The 
following high transition of the clock presets counter 6G/7G. 


Counter 6G decrements on high transitions of the clock after being preset. The 
high transition that produces the preset makes the carry out of both 6G and 7G 
high. The high output of 7G produces a high input to Sl of both 6G and 7G. The high 
carry out of 6G to S2 of 7G keeps 7G in the hold mode. When the clock goes low, 
the low input to $2 of 6G puts this IC in the decrement mode, causing it to 
decrement on the next high transition. 


DECREMENT TO 0 6G DECREMENTS TOO 


PRESET COUNTER 6G DECREMENTS TO 15 


ECL X 1.5 


6G-CLOCK 
7G-CLOCK 
6G-CARRY IN 
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Figure 3-5. Decrementing Counter Modes 
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When the count in 7G is not zero and counter 6G decrements from zero to 15, 
counter 7G also decrements. The low clock to S2 of 6G puts this counter in 
decrement mode. The low carry out from 6G puts 7G in decrement mode. Since 7G 
does not produce a carry out in this case, both 6G and 7G remain in decrement 
mode until the clock goes high causing the decrement. After decrementing to 15 
the carry out of 6G remains high until it is decremented to zero again. This output 
keeps 7G in hold mode. 


The ECL X 1.5 signal, which clocks counter 6G/7G, also provides read/write 
control to RAM 7E/7F When this clock goes high, producing a new address, the 
RAM goes to the read state. After outputs settle the ECL X 1.5 clock to register 
4F/5F goes high clocking RAM output data into the register. ECL X 1.5 goes low at 
this time, loading another byte into the RAM to replace the one just read out. 


Outputs of register 4F/5F are converted to TTL by translators in 2F and 3F. The 
TTL signals are then synchronized with concentrator processing logic by clocking 
them into D flip-flops in register IF with the TTL X 1.5 signal. Outputs of this 
register, which is tri-state, are enabled by the low input to pin 1. 


3-22 Write Address Counter 


The write address counter produces write addresses for the YCK RAM and the 
9THBIT RAM. It contains ICs 9R and 9P. (See sheet 2 of the I/O PWA Schematic.) 
This counter is preset by the ECL INPUT PRESET pulse which is detected in the 
STHBIT signal at a particular picture element of input video. The preset number is 
fed to the counter on the LO through L7 lines. This number is the same on al! I/O 
boards in a concentrator. The counter is decremented by the ICLK clock which is 
received by the I/O board with input video. Each time the counter is decremented 
to zero, it is preset again to the LO through L7 number. WO through W7 outputs are 
gated through the YCK address generator and 9THBIT address generator to address 
the RAMs for writing. 


Mode control of ICs 9R and 9P is similar to that described for ICs 6G and 7G in the 
YYC delay logic. In this case, however, provision is made to put the ICs in preset 
mode when the ECL INPUT PRESET signal goes low. This low input is fed to S1 of 
both ICs through gate 9S-14. The clock input, instead of 9P carry out, is fed to S2 
of 9R. As a result, both ICs go to preset mode when the preset pulse occurs and the 
clock input is low. 


3-23 YCK Address Generator 


The YCK address generator feeds addresses to the YCK RAM for writing and 
reading. It contains ICS 6N, 7N, 7R, 7P, 8R and &P. 


Read addresses are produced in the generator by a counter consisting of ICs 7R and 
7P. This counter is preset by the OUTPUT PRESET pulse which is detected at a 
particular picture element in reference video. The preset number is fed to the 
counter from multiplexers 8R and 8P. These multiplexers select EO through E7 
inputs for the counter preset number when the OUTPUT PRESET signal, fed to pin 
9 of 8R and 8P, is active (low). The counter is decremented by the OCLK signal 
which is derived from X3 IN and HPHASE IN signals from the I/O board receiving 
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reference video. When the counter decrements to Zero, it is preset to the LO 
through L7 number fed to multiplexer 8R/8P since the OUTPUT PRESET signal is 
high at this time. This counter is the same configuration as write address counter 
9R/9P and mode control of the ICs is achieved in the same manner as described for 
the write address counter. 


Addresses are fed from the YCK address generator to the YCK RAM through 
multiplexer 6N/7N. When the R/W input to this multiplexer is low, write addresses 
from write address counter 9R/9P are fed through. Read addresses, from counter 
7R/7P, are fed through when R/W is high. 


. 3-24 9THBIT Address Generator 


The 9THBIT address generator feeds addresses to the 9THBIT RAM for writing and 
reading. It contains ICs 6M, 7M, 9M, 8M, 9N, and 8N. Logic configuration used for 
this address generator is the same as that used for the YCK address generator. 
9THBIT read address counter 9M/&8M is incremented by OCLK and preset by 
OUTPUT PRESET. Selection is controlled for output multiplexer 6M/7M_ by the 
R/W_ signal. Control of input multiplexer 9N/8N is controlled by the OUTPUT 
PRESET signal. The only difference between this address generator and the YCK 
address generator is that the OUTPUT PRESET low pulse presets it to BO through 
B7 instead of EO through E7. The difference between these two numbers produces 
the additional delay required for the 9THBIT signal. 


3-25 Arbitrator 


The arbitrator generates DATACLK, WRITE, READCLK, and R/W signals. These 
signals are all synchronous with the X3 IN clock. They are generated as necessary 
to accommodate asynchronous timing of input video digital data. 


3-26 Generation of the DATACLK Signal 


The DATACLK signal is generated by logic on the left side of sheet 4 of the 
schematic diagram. This logic includes ICs 8T, 8S, 7S, and 8U. It also includes flip- 
flops 7T-15, 7U-2, 7U-15, and 3M-15. 


The DATACLK signal is derived from the asynchronous ICLK signal. Transitions of 
the DATACLK signal follow transitions of the ICLK signal between 25 and 50 
nanoseconds after ICLK transitions occur. The DATACLK transitions only occur in 
response to high transitions of the X3 IN signal. 


The ICLK signal is clocked into flip-flops 7T-15, 7U-2, and 7U-15 by outputs of D 
flip-flops in IC 7S. These outputs are illustrated in Figure 3-6 along with an 
example of an ICLK signal. The period of the 7S outputs equals three periods of the 
40.5-MHz clock. (This clock is a fanned-out version of the X3 IN signal.) Since the 
period of the 7S outputs is the same as the period of the ICLK signal, high 
transitions to the clock inputs of the flip-flops always find the ICLK signal in the 
same state in this example. This results in steady state outputs of the flip-flops. 
(This example only covers a few cycles of the illustrated signals. In a normal 
situation the phase of the ICLK signal will drift within limits with respect to 
outputs of IC 7S.) 
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Figure 3-6. DATACLK Generation Idealized Waveforms, Example One 
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Outputs of the flip-flops are multiplexed by IC 8U. The source of the multiplexer 
output is identified, for each cycle of the 40.5 clock, in the waveform diagram. 
The multiplexer output, 8U-2, is clocked through a flip-flop in 7S to produce the 
7S-14 output used in generating R/W, WRITE, and READCLK signals. The 8U-2 
output is also clocked through another flip-flop in 7S and flip-flop 3M-15 to 
produce the DATACLK output. 


Figure 3-7 illustrates a second example of waveforms in Figure 3-6. In example 
two, high transitions of the ICLK signal coincide with high transitions of the 7S-2 
output. When an ECL flip-flop is triggered with the data changing, the output 
oscillates for a maximum of 25 nanoseconds before settling at a high or low level. 
(The example illustrated shows it settling high after the first trigger, then low 
twice, and then high again.) As can be seen from the "8U-2 SOURCE" line, the 
output of each flip-flop is passed through the multiplexer for a 25 nanosecond 
period starting 50 nanoseconds after the flip-flop is triggered. This timing assures a 
good logic level output from the flip-flop during the time it is used. In example 
two, high transitions in the DATACLK signal follow high transitions in the ICLK 
signal by 25 nanoseconnds in some cases and 50 in others. These two cases 
represent the minimum and maximum delay that can occur. 


Signals that clock flip-flops 7T-15, 7U-2, and 7U-15 are produced by ICs &T, 8S, 
and 7S. IC &T is a modulo 3 counter, 8S is a PROM, and 7S contains six D flip-flops. 
The counter sequences through counts 00, 01, and 10 and then presets back to 00 
and continues the cycle. The counter is incremented by the 40.5 clock. The two 
least significant stages of the counter are used as address lines to the PROM, 
causing it to sequence through addresses 00, 01, and 10 and then repeat. Outputs of 
the PROM are clocked into flip-flops of IC 7S to produce glitch-free signals. 
Contents of addresses 00, 01, and 10 at pins 2, 3, and 4 are illustrated by the 
waveforms in Figure 3-7. When the counter is in count 10, the output of 7S at pin 
13 puts it in the preset mode. Since all data inputs to the counter are open (low), 
the counter presets to 00 at the next increment. 


Selection of the source for the output of multiplexer 8U is controlled by stage 
outputs of counter 8T. This causes the DO, D1, and D2 inputs to be passed during 
PROM addresses 00, 01, and 10, respectively. 


3-27 Generation of the WRITE Signal 


A low WRITE pulse always occurs during the second half cycle of the 40.5 clock 
following a high transition of the DATACLK signal. (See DATACLK and WRITE 
waveforms near the bottom of Figure 3-8.) This assures that every byte loaded into 
the input register will be loaded into a RAM. As already mentioned in the 
generation of the DATACLK signal, it makes transitions only at high transitions of 
the 40.5 clock. It makes a high transition between 25 and 50 nanoseconds after a 
high transition of the ICLK signal. In the case of a 50 nanosecond delay RAM 
loading is just completed by a low WRITE pulse when write addresses are changed 
by the next ICLK high transition. (See the third high transition of the ICLK signal 
in Figure 3-8.) 
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The WRITE signal is generated by the logic configuration containing flip-flops 7L- 
15, 7L-2, 8K-15, and 8K-2. When a high transition of 7S-14 occurs, 7L-2 is 
triggered high. (7S-14 leads DATACLK by one cycle of the 40.5 signal. See the 7S- 
14 and 7L-2 waveforms in Figure 3-8.) The high output of 7L-2 produces low data 
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Figure 3-7. DATACLK Generation Idealized Waveforms, Example Two 
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inputs to both 8K flip-flops. The next 40.5 trigger makes R/W (8K-2) and 8K-15 go 
low. These inputs to pins 11] and 10 of gate 8L-7 cause it to produce a low WRITE 
pulse when clock 40.5 goes low. When R/W and 8K-15 go low, gate 8J-2 produces a 
high output which clears flip-flop 7L-2. The low output of 7L-2 causes either 8K-2 
or &K-15 to go high, preventing another WRITE pulse until 7S-14 goes high again. 
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Figure 3-8. WRITE and READCLK Generation, Typical Idealized Waveforms 
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3-28 Generation of the READCLK Signal 


A high transition of the READCLK signal clocks data into the YCK RAM output 
register. It is produced in response to a high transition of the OCLK signal. 


If the high OCLK transition does not coincide with a high DATACLK transition, the 
READCLK signal goes low at the high OCLK transition. Then, after one cycle of 
the 40.5 clock, READCLK goes high. The second high transition of the OCLK signal 
in the waveforms of Figure 3-8 does not coincide with a high transition of the 
DATACLK signal. When the OCLK signal goes high, one cycle of the 40.5 clock 
before this OCLK transition, the output of flip-flop 7L-15 goes low. Since the 
output of 7L-2 is also low at this time, READCLK goes low at the following trigger 
of clock 40.5. Pins 4, 5, and 6 of gate 8J-3 are all low when READCLK goes low 
causing 7L-15 to go high. This in turn causes READCLK to go high at the next 
trigger. 


When the high OCLK transition coincides with a high DATACLK transition, the 
READCLK signal remains high for one cycle of the 40.5 clock. Then, it goes low 
for one cycle of the 40.5 signal before making a high transition. The high state of 
the READCLK signal is required for address selection following the high 
DATACLK transition. The R/W signal, which is the inversion of READCLK, 
controls address multiplexers 6M, 7M, 6N, and 7N. The R/W signal must be low for 
one cycle of clock 40.5 after a high DATACLK transition to feed write addresses 
to the RAMs until the following low WRITE pulse ends. 


The first high transition of the OCLK signal in waveforms of Figure 3-8 coincides 
with a high transition of the DATACLK signal. When the OCLK signal goes high, 
one cycle of the 40.5 clock before OCLK goes high, the output of flip-flop 7L-15 
goes low. The output of 7L-2 will go high at this time because of the high transition 
of 7S-4. The high output of 7L-2 to pin 5 of gate 8L-3 prevents READCLK from 
going low on the following trigger of the 40.5 clock. However, the high state of 
clock 40.5 after the trigger produces a high output from gate 8J-2 to clear flip-flop 
7L-2. This allows READCLK to go high after one additional cycle of clock 40.5. 


3-29 Loopthrough Delay Logic 

This logic delays Y and CK data that is to be looped through the I/O board. The 
delay causes this video to be synchronized with video outputs of other I/O boards. 
It compensates for processing time consumed in the concentrator to process video 
that is not looped through. The logic contains 7H, 5H, 5J, 7J, 4G, 5G, 5K, 6K, 4H, 
43, 33, and 4K. (See sheet 6 of the I/O PWA Schematic.) 


Data is delayed in the RAM consisting of IC RAMs 7H, 5H, 5J, and 7J. Addresses 
for the RAM are produced by counter 5N/4N. The operation of this RAM and 
counter is the same as the RAM and counter described in the YYC delay logic. In 
this case, the counter is decremented by the OCLK signal which also controls the 
read/right mode of the RAM. The amount of delay produced by this logic is 
controlled by preset number LDO through LD7. 


Outputs of the RAM are converted from ECL to TTL by translators 4G, 5G, 5K, 
and 6K. TTL outputs are clocked into D flip-flops in ICs 4H and 4J by the 
TTLOCLK Signal. This signal goes high as the OCLK signal goes low, producing a 
write strobe to the RAM. Outputs of 4H and 4J are synchronized with ADO format 
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output data by clocking them into D flip-flops in 3J and 4K with the TTLOCLK 
signal. ICs 3J and 4K have tri-state outputs. These are enabled for loopthrough 
functions by an active (low) state of the LOOPTHRU signal. 


3-30 Key Select Register 


The key select register selects either the K1IO through KI1I7 data or the K2I0 
through K2I7 data as the key output of the I/O board. It contains ICs 1H and 1G. 
(See sheet 7.) K1I data is clocked into 1H and K2I data is clocked into 1G by the 
TTL X 1.5 signal. Tri-state outputs of one or the other of these ICs are enabled at 
all times depending on whether the state of SELKEY I or SELKEY 2 is low. The 
enabled outputs are fed to ICs 3G and 3H of the ADO formatting logic. 


3-31 ADO Formatting Logic 

ADO format logic receives digital video data from other boards in the 
concentrator. It converts this data from the concentrator format to the ADO 
format. The logic contains ICs 2H, 23, 2G, 3G, 3H, and 3K. 


The MDIO through MDI7 inputs contain luminance and chrominance data in the 
same format as the output of the concentrator formatting logic on the YYCO 
through YYC7 lines. This data is clocked into 2H by the TTL X 1.5 signal. (See the 
2H OUTPUT and TTL X 1.5 lines in Figure 3-9.) Outputs of IC 2H are clocked into 
IC 23 by the TTLOCLK signal. This produces luminance outputs in the ADO format 
as illustrated in the 2J OUTPUT line of Figure 3-9. 


TTL X15 
TTL OCLK 


SELKEY 


Figure 3-9. ADO Formatting Logic Waveforms 
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Outputs of 2G and 1H or 1G are multiplexed by 3G and 3H to alternately feed 
chrominance and key data to register 3K. This data is clocked in by the TTLOCLK 
signal to produce chrominance and key data in the ADO format. 


3-32 TTL to ECL Drivers 


TTL to ECL drivers receive digital video from ADO formatting logic or 
loopthrough delay logic and feed it to the analog chassis of the associated signal 
system. Drivers are contained in ICs 1J, 2K, IK, 2L, and IL. The source of inputs 
to the drivers is controlled by the LOOPTHRU signal. 


3-33 H Phase Lock Loop 


The H phase lock loop produces the PLLX3 and PLLHPHASE signals. It contains 
circuits illustrated on sheet 10 of the schematic. 


The PPLX3 signal is an ECL square wave at a frequency of 40.5 MHz. This is 3 
times the frequency of the ICLK input data clock. This signal is produced by 
converting the sine wave output of a crystal oscillator to ECL logic levels. The sine 
wave is generated at the junction of crystal Y1 and capacitor C19. Line receiver 
8B converts it to an ECL square wave. 


The PLLHPHASE signal is a line frequency signal. It is phase-locked to the LINE 
REF signal from the signal system. It is produced by dividing the frequency of the 
X3 signal. First the X3 signal is divided by three to produce a 13.5-MHz TTL signal. | 
This signal is then divided by 858 or 864 for NTSC or PAL applications, 
respectively. Flip-flops 8G-2 and 8G-15 divide X3 OUT by 3. Translator 9L-5 
converts the output of 8G to TTL. The counter containing IC counters LOL, 9K, and 
10K divides the TTL signal frequency by 858 when there is no jumper between A 
and B at the preset input to LOL. A jumper between A and B causes the frequency 
to be divided by 864. 


Phase lock is produced by an error voltage feeding back to the crystal oscillator. 
Phases of the PLLHPHASE and LINE REF signals are compared to produce the 
error signal at the output of diode bridge CR2/CR3/CR4/CR5. The phase 
relationship between these two signals is adjusted by potentiometer R75. 


3-34 Board Clocks and Control Generator 


The board clocks and control generator produces timing and control signals that are 
synchronous with reference video. The generator contains circuits illustrated on 
sheet 5 of the schematic. 


Signals are produced by this generator from outputs of PROM 5L. This PROM is 
addressed by counter stage outputs from IC counter 4L. PROM outputs are 
converted to reliable ECL voltage levels by clocking them into D flip-flops in ICs 
5M and 6L. The SELKEY, KEYCLK, TTLOCLK, and TTL X 1.5 signals are 
converted to TTL by translator 7K. Waveforms for signals produced by this 
generator are illustrated in Figure 3-10. 
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40.5 MHz | | | | | | | | | | | | | | | | | | | 
OCLK | | | | | 
OCLK | | | | 


4mM-3 | 


OUTPUT 
PRESET 


4L COUNT | 011 | 100 | 101 | 000 | 001 | 010 | 011 | 100 | 101 | 000 | 001 | 010 | ov | 


ECL X 1.5 


SELCHROMA 


SELKEY 


KEYCLK 


Figure 3-10. Board Clocks and Control Waveforms 


Counter 4L is incremented by the 40.5 clock which is a fanned-out version of X3 
IN. It is preset to zero at the start of each line by the output of flip-flop 4M-3. The 
counter is also preset by the high output of 6L-4, causing it to recycle every sixth 
increment. 


3-35 9QTHBIT Decode Logic 


The 9THBIT decode logic detects the TTL INPUT PRESET pulse which presets the 
write address counter. It also stores concentrator control bytes from the signal 
system. These bytes are stored in a RAM which is accessible to the Combiner 
ars PWA. The logic contains ICs 5S, 6S, 6T, 2T, 2S, 6U, 5T, and 4T. (See 
sheet 8. 
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3-36 Generation of the TTL INPUT PRESET Signal 


The TTL INPUT PRESET signal goes low when the start code (see Table 3-1) for 
the last transmission of an even field is detected in the 9THBIT input. Data bits, 
received serially on the 9THBIT line, are shifted into register 5S by the TTLICLK 
clock. Parallel outputs of this register are fed to programmable array logic (PAL) 
6S. When the last byte of an even field is in S5, it is detected by the PAL. The PAL 
produces a low TTL INPUT PRESET pulse at this time at output pin 15. Pin 14 of 
the PAL goes low when the first byte of each transmission is detected. This output 
clears flip-flop 6R, preventing the PAL from looking for a start code again until 
the flip-flop is triggered by the HRESET pulse which occurs before the next 
transmission. _ 


Table 3-1. First 9THBIT Byte Format 


Start code 101 


1 = Select key 1, 0 = Select key 2 
1 = Last transmission of the field 


1 = Odd field, 0 = Even field 


1 = Combiner Computer PWA data 
0 = Video output processor data 


A/B switch position 


3-37 Storage of Control Data 


Control data for the concentrator is sent in &-byte transmissions, with several 
transmissions per field. Data is received bit-serially on the 9THBIT line and is 
stored in RAM 4T. Serial data is assembled into bytes and stored at addresses 
established by the byte number and transmission. 
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Outputs of shift register 5S are fed to RAM 4T via register 5T. Register 5T is 
clocked at pin 11 by output OC of counter 6T. This counter output provides a rising: 
edge every eight bits which converts the serial data into bytes. There are eight 
rising edges per transmission. 


Addresses for RAM 4T to store control data are generated by counter 2T/2S. This 
counter is cleared at the beginning of the last transmission in a field. It is 
incremented once for each eight bits received. The clock for this counter is 
produced by toggling flip-flop 6U with the second stage output of bit counter 6T. 


Counter 6T is taken out of load mode by the low output on pin 17 of PAL 6S when a 
start code is detected and bit D6 is high, indicating data is for the Combiner 
Computer PWA. During the time data is being stored in the RAM, the low output of 
6U-8 keeps it in the write mode. After eight bytes have been stored, address line 
R2 goes low and toggles flip-flop 6U-9. This returns counter 6T to load mode in 
preparation for a subsequent data transfer and puts RAM 4T in read mode. An 
interrupt is generated by detecting the last transmission of each field. This 
indicates to the computer that new data is stored in RAM 4T. 


3-38 KEYER PWA 


There are two keyer PWAs in the concentrator that are interconnected to form the 
keyer unit. The keyer unit receives key data from each channel. It produces a 
processed key data output for each channel which reflects the priority of channels 
in a combine. The keyer unit also produces background video data, background key 
data, and composite key data for each of two combines. Background video data 
does not have line or vertical sync pulses. After being cut by the background key 
data and added to combine data, background video data produces composite video. 
Composite key data output is available to a switcher to put the combine over a 
background provided by the switcher. 


3-39 Key Data Processing 


When key data is processed for a combine, data for a channel is modified by data 
from channels with higher priority. For example, in a combine with channel D 
having the highest priority followed by channel B and then channel C, channel D 
data is unaffected. Channel B data is modified by data from channel D and channei 
C data is modified by data from both channels D and B. 


Channel D key data is fed to the key-requested input of the channel D key 
processor in the keyer unit. (See Figure 3-11.) Since mone of the key for the 
combine is used ahead of channel D, the key-taken-previously input from the key- 
taken multiplexer will be zero for this example. Key-received output, which is the 
channel-D-processed key output of the keyer unit, will be the same as the key- 
requested input. (This assumes that no transparency or dimming is introduced by 
the channel key processor. These functions will be described later.) The key-taken- 
now output will also be the same. 


The key-taken-previously input to channel B key processor will be the key-taken- 
now output of the channel D key processor for this example since channel B is next 
in priority after channel D. The key-taken-now output from channel D is fed to the 
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key-taken multiplexer in slot 10 PWA. From here it goes to the multiplexer in slot 
9 PWA via the key-taken bus. The multiplexer in slot 9 PWA then feeds the key- 
taken signal to channel B key processor. The key-received output of channel B key 
processor will be the key-requested input when it is available as indicated by the 
key-taken-previously input. When not, it will be whatever is available. The key- 
taken-now output of this processor will be the sum of what is taken by channels D 
and B. 


The key-taken-previously input to channel C key processor will be the key-taken- 
now output of channel B key processor for this example. The key-received output 
will be the key-requested input when it is still available after channels D and B 
processing. Otherwise it will be whatever is available. The key-taken-now will be 
the sum of what is taken by channels D, B, and C. 


3-40 Background Video Data 


Two background video data channels are produced by the keyer unit, one by the 
background video generator in each PWA. Either generator can produce data to be 
used in combine No. | or No. 2. Output of a generator is in synchronization with 
timing input from the Clock PWA. This puts it in synchronization with reference 
video of the combine for which it is produced. 


3-41 Background and Composite Key Data 


These two outputs are produced by a background and composite key generator in 
each Keyer PWA. Background key data is used to cut background video data 
produced in the same PWA. Key data will be used as the final combined key output. 
The two key outputs of this generator are produced from the key-taken-now data 
of the lowest priority channel in the combine. This would be channel C in the 
example just described. 


3-42 Channel Key Processor 


There are four channel key processors in the keyer unit, one for each channel. Key 
processors for channels A and B are in slot 9 PWA. Slot 10 PWA contains key 
processors for channels C and D. A processor produces a key-received and a key- 
taken-now output. 


The key-received output of a channel is used to cut video data for the channel. It is 
produced by altering key data requested from an I/O board. Key data is decreased 
at some picture elements as a result of being covered by a higher priority channel. 
It is also decreased to introduce transparence and dimming. Key data from a 
channel is fed to multiplier logic in the channel key processor. (See Figure 3-12.) 
This logic converts signed binary numbers representing key strength to positive 
binary fractions as required by keyer and cutter logic. Data is then multiplied by a 
number between 0 and |. If no transparency is desired, the number will be 1. 
Transparency increases as the number approaches 0. Multiplied data is then fed to 
the delay memory. This memory produces a delay to compensate for time used in 
producing the key-taken-previously signal when this channel has a lower priority 
than another channel or other channels. This is necessary so that key-requested — 
data representing a picture element arrives at the priority processor at the same 
time as key-taken-previously data for the same picture element. The priority 
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Figure 3-11. 
Keyer Unit Block Diagram 
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processor produces a key-received output. This output will be the same as the key- 
requested input when the key-taken-previously input indicates it is available. At 
other times, key-received output will be what is available. Key-received output is 
fed to the multiplier logic which multiplies it by a number between U and |. If no 
dimming is desired, the number will be 1. Dimming increases as the number 
approaches 0. The key-received number, less dimming if desired, is fed out of logic 
and becomes channel-processed key data to the Cutter PWA. 


The key-taken-now output is produced in two ways: one way shows the effect of 
dimming, if it occurs, and one does not. Both key-taken signals are multiplexed 
onto the key-taken-now bus. The output which shows the effect of dimming is used 
to produce the background key data. This causes a scene to be dimmed to the 
background. This output is produced by the key-taken adder which adds the key- 
received-after-dimming signal to the key-taken-previously signal. The output used 
to produce the composite key signal does not show the effect of dimming since this 
would give the combine transparency in response to the dimming function. This 
output is produced by the priority processor by adding the key-taken-previously 
input to the key-received output. 
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Figure 3-12. Channel Key Processor Block Diagram 
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3-43 Multiplier Logic 


Multiplier logic in a channel key processor is illustrated on sheet 4 of the Keyer 
PWA schematic in Section 5. It contains ICs 8B, 7A, 8A, 9B, 10B, LOA, 2C, and IC. 
This multiplier logic is in the channel A key processor when the PWA is in slot 9 
and in the channel C key processor in slot 10. (The logic for channels B and D is on 
sheet 5. Because it is the same, it will not be described here.) Key-requested input 
is fed to register 8B. It is clocked in by the 0.5X clock fed to pin 11. Output of this 
register is enabled for one-half of each byte period by key data byte rate clock 
0.5X. Register output is fed to address inputs of PROM 7A. This PROM converts 
the signed-number input to an unsigned binary fraction. The converted output is 
clocked into register 8A and fed to inputs of multiplier 10A. The transparency 
factor, held in register 9B is also fed to the multiplier at this time. The product of 
these two numbers is fed back to delay memory input register 4B. The key-received 
input to the multiplier logic is fed to PROM 7A from register 7B. The output of 7B 
is enabled by the 0.5X clock, causing it to be enabled during the time that &B is 
inhibited. These inputs do not access the same addresses as the key-requested 
inputs since address line A8 is always low when key-received inputs are enabled and 
high when key-requested inputs are enabled. The PROM does not modify this input 
but effectively passes it through to register 8A. When 8A feeds key-received data 
to multiplier 10A register 10B is enabled and feeds the dimming factor to the 
multiplier. The product of these two numbers is clocked into register 2C and then 
1C. The output of 1C is the channel-processed key data fed to the Cutter PWA. It 
is also fed to the key-taken adder. 


3-44 Delay Memory 


The delay memory contains registers 4B and 6A, RAMs 5B and 5A, and counter 4A. 
Delay is produced by storing data in RAMs 5B and 5A for a short period of time. 
Addresses to the RAMs follow a recycling sequence. As each address is accessed, 
the byte which had been stored there the previous time the address was accessed is 
read out. Then, the byte being read out is replaced by a new byte. The new byte 
remains until the address sequence returns again to this address and it is read out 
and replaced. This read/write procedure causes bytes to be stored for the amount 
of time it takes for addresses to recycle. Addresses for RAMs are produced by 
counter 4A. This counter is incremented by the 0.5X clock at the key data byte 
rate. Each time the counter recycles it is preset by the carry out signal to a binary 
number supplied on the GO through G3 lines. Consequently, address recycle time, 
and delay time, are controlled by this number. Data is fed to the RAMs from 
register 4B. RAM outputs are clocked into register 6A. 


3-45 Priority Processor 


The priority processor contains ICs 4&C, 4D, 5D, 5C, 6B, 6C, 6D, 7B, 7C, 7D, and 
8D. Key-taken-previously data is clocked into register 4C during the time it is not 
affected by dimming. The data is then clocked into register 4D in step with delay 
memory outputs from register 6A. The key-taken-previously data is converted to 
its inverse by ROM 5D to obtain key-available. Key-available is compared to the 
key requested by comparators 5C and 6B. If key-available is equal to or greater 
than the key requested, the comparator output at 6B-7 goes low. This selects the 
key-requested input to multiplexer 6D/6C to be clocked into register 7B as the 
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key-received output. Otherwise, key-available is clocked in. The key-taken- 
previously output of 4D is fed to adder 7C/7D along with the key-received output 
of 6C/6D to produce the key-taken-now output. This sum is clocked into register 
8D and put on the key-taken bus when the outputs of 8D are enabled. 


3-46 Key-Taken Adder 


The key-taken adder contains ICs 3C, 2D, 1D, and 3D. The key-taken-previously 
input is clocked into register 3C and fed to adder 2D/1D. The key-received-after- 
dimming signal is fed from register 1C to the adder. The sum of these two numbers 
is clocked into register 3D and put on the key-taken bus when the outputs of 3D are 
enabled. 


3-47 Key-Taken Multiplexer 


The key-taken multiplexers on PWAs in slots 9 and 10 are interconnected so that 
key-taken inputs to either one can be fed out of either one. The multiplexer on 
each board consists of 24 interconnected IC multiplexers. The eight IC multiplexers 
designated IF through 8F (illustrated at the top of sheet 4) provide the key-taken- 
previously input to the channel A processor when this card is in slot 9. (In slot 10 
this logic provides the key-taken-previously input to the channel C processor.) The 
source of inputs to these ICs is listed in Table 3-2. The table also lists the source of 
inputs for the same logic in slot 10. Selection of inputs to 4C and 3C on sheet 4 is 
controlled by bits from computer interface register 8C. ICs 1G through &8G at the 
top of sheet 5 provide the key taken input to channel B and D processors for slots 9 
and 10, respectively. The key-taken input to the background and composite key 
generator is provided by IE through 8E on sheet 3. Table 3-2 is also applicable to 
the multiplexer ICs on sheets 5 and 3. 


3-48 Background and Composite Key Generator 


The background and composite key generator contains the logic on the upper half 
of sheet 3. It generates background and composite key data. Background key data is 


Table 3-2. Multiplexer Signal Sources 


Channel Channel 
Source Source 


XA0-XA7 XA0-XA7 


XB0-XB7 XBO-XB7 


XC0O-XC7 XE0O-XE7 


XD0-XD7 XFO-XF7 
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produced by registers 1OF and 10H and PROM 10G. Key data taken from the 
multiplexer is clocked into 10F during the half of each byte time that data shows 
the effect of dimming. The output of 1OF is converted to its inverse by PROM 10G. 
PROM outputs are clocked into register 10H and fed to slot 6 Cutter PWA. 
Composite key data is produced from key-taken data that is not affected by 
dimming. This data is clocked into register 9F and fed to PROM 9G. PROM 9G 
converts the data to the ADO number system of signed binary numbers. The PROM 
output is clocked into register 9H and fed to delay logic. The delay compensates 
for time used to process video data in the cutter and adder boards. The delay logic 
functions the same as that described for delay logic containing RAMs 5B and 5A on 
sheet 4. Delay is produced first by RAMs 9J and 9K and then by LOL and 10M. Two 
delays are used because one is not always adequate to produce the required amount 
of delay. Delayed key data is clocked into register 9M and fed to I/O PWAs. 


3-49 Computer Interface Logic 


The computer interface logic contains ICs on all four sheets of the schematic. It 
receives data bits, address bits, a read/write bit, and a strobe bit from the 
Combiner Computer PWA. The logic stores control bits required by the Keyer 
PWA. Computer interface logic contained on sheet 2 consists of ICs IR, 2R, 2S, 
ON, IP, 2P, and 3P. Decoder 2S receives address lines, a read/write bit, and a board 
strobe. It decodes chip select pulses to load data in interface logic registers. 
Buffers 1R and 2R buffer the computer data bus and feed CDO through CD15 data 
bits to interface registers. Register 9N holds bits to control the generation of 
background video synchronization pulses. Registers 3P, 2P, and 1P hold luminance. 
and two chrominance bytes to generate the background video. Computer interface 
logic on sheet 3 consists of ICs 9E and 10P. Register 9E controls source selection 
of key-taken data to background and composite key generators. It also controls tri- 
state outputs of key data. Delay time of the composite key output is controlled by 
register 10P. Computer interface logic on sheet 4 consists of ICs 8C, 9B, and 10B. 
Register 8C controls the source selection of key-taken data to the channel A (or C 
in slot 10) key processor. It also controls the input delay for this processor. 
Registers 9B and 10B control transparency and dimming, respectively. ICs 8J, 9C, 
and 10C on sheet 5 perform the same functions in the channel B key processor as 
8C, 9B, and 10B do in the channel A processor. 


3-50 CUTTER PWA 


A Cutter PWA cuts away video that is not to appear in.a combine. The board has 
two independent cutter sections, each of which cuts video for one channel. The 
sections are designated A and B. (See Figure 3-13.) When the board is in slot 5, 
cutter section A cuts channel A video and section B cuts channel B. Section A cuts 
channel C when the board is in slot 7 and background video from the Keyer PWA in 
slot 9 when the Cutter PWA is in slot 6. Section B cuts channel D when the board is 
in slot 7 and background video from slot 10 when it is in slot 6. A cutter section 
receives a video and key input. It cuts the video as indicated by the key and 
produces a cut video output. Cutting is achieved by multiplying bytes of key data 
by bytes of video data. The board has a computer interface to communicate with 
the Combiner Computer PWA. 


Bytes of key data, received at the key input to a cutter section, have a period of 
150 nanoseconds. The video input byte period is 50 nanoseconds. Consequently, two 
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Figure 3-13. Cutter PWA Block Diagram 


bytes of luminance are received for one of key. (See Figure 3-14.) Each byte of key 
is used to cut one byte of luminance. One-half of each byte of key is also combined 
with one-half of the following key byte to cut another byte of luminance. 


Chrominance bytes are functionally grouped in pairs. (C1 and C2 in Figure 3-15 are 
a pair.) Each pair defines R—Y and B—Y for the same 300 nanosecond period. Since 
Cl and C2 in a pair represent the same time period, they are cut with the same 
key. A percentage of each key byte, in a group of four key bytes, is summed to 
produce a combined key for each functional pair of chrominance bytes. The two 
latest bytes in each group of four key bytes become the two earliest bytes in the 
next group. 


Figure 3-14. Luminance Key Assignments 
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Figure 3-15. Chrominance Key Assignments 


3-51 Cutter Section 


The key input to a cutter is fed to a variable delay. (See Figure 3-16.) This delay 
compensates for differences in key processing time in the Keyer PWA. The output 
of the variable delay is fed to a tapped delay. This delay provides simultaneous 
access to sequences of key bytes as required to generated combined bytes. Outputs 
of the tapped delay are fed to the chrominance key processor and the luminance 
key processor which produce combined key bytes to cut chrominance and luminance 
bytes. Outputs of the two key processors are fed through a multiplexer to a 
multiplier. The key multiplexer feeds combined key bytes from the correct sources 
as required to multiply Y and C video bytes. Cut video from the multiplier is fed to 
the Adder PWA. Each cutter section has a timing generator to provide clock and 
control signals required in the section. The 3X and H inputs to a timing generator 
are from reference video for the combine employing the section. 


3-52 Variable-Key Delay 


The variable-key delay compensates for key processing time in the Keyer PWA. It 
also contains a switch to hold the key to its maximum or minimum value during 
blanking and a detector to recognize the presence of an active key signal for 
tallying. The variable key delay for cutter section A contains RAMs IC and ID, 
buffers in 2B, counters IE and 3T, and PAL 2D. (See sheet 2 of the Cutter PWA 
schematic in Section 5.) Delay is produced by storing data in RAMs IC and 1D for a 
short period of time. Addresses to the RAMs follow a recycling sequence. As each 
address is accessed, the byte which was stored there the previous time the address 
was accessed, is read out. Then, the byte being read out is replaced by a new byte. 
The new byte remains until the address sequence returns again to this address and 
it is read out and replaced. This read/write procedure causes bytes to be stored for 
the amount of time it takes for addresses to recycle. 


Addresses for RAMs are produced by counter IE. This counter is incremented by 
the 0.5XA clock. Each time the counter reaches 15, the carry-out presets the 
counter to the PO, PI, P2, and P3 number. This number controls the delay time. 
3-53 Key Switch 


The key switch is used to hold the key to a value of | or 0 during blanking. When a 
cutter unit receives reference video, the switch holds the key to a value of | during 
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Figure 3-16. Cutter Section Block Diagram 


blanking. This causes reference video sync pulses to go through the cutter 
unaltered. The switch produces a key value of 0 when reference video is not 
received. The switching function is produced by tri-state buffers in 2B. When KEY 
SWA to pins | and 19 of 2B goes low the outputs of 2B are enabled. If the P5 input 
to pin 2 is a one, the output is the maximum key value of 10000000. It is the 
minimum value of 00000000 when P5 is a zero. 


3-54 Key Tally Detector 


The key tally detector contains PAL 2D and counter 3T. If a channel is visible, the 
value of the key signal will go above and below a threshold value several times per 
frame. The detector counts these threshold crossings to detect a key signal present 
so that channel may be tallied. That portion of the PAL receiving the key input 
detects key values below the threshold. The output of this logic is fed to another 
portion of the PAL at pin 13. Input at pin 11 of the PAL is from a similar detector 
in the keyer. The input at pin 12 selects the input at pin 11 or 13 to be fed to ripple 
counter 3T. When counter 3T reaches a count of eight, input to 2M-1 inhibits the 
PAL output to the counter, causing it to stop. The state of the counter is fed to the 
computer interface and is available to the Combiner Computer PWA so that the 
computer may pass tally information along to an external device. 
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3-55 Tapped Key Delay 


Tapped key delay for cutter section A consists of shift registers 3B, 4B, 3C, 4C, 
3D, 3E, and 4E on sheet 3. Each of the eight key bits is fed to the serial input of 
one of these shift registers. Delayed bits with delays of one- to eight-byte clock 
periods are available at the OA through QH outputs. 


3-56 Luminance Key Processor 


A luminance key processor produces key bytes to cut luminance bytes. The 
processor for cutter section A consists of registers 6C, 6D, 8C, and 8D, PROMS 7C 
and 7D, and adders 9C and 9D. Each byte received by the processor is first used as 
is, then it is averaged with the next byte to produce a combined byte. Byte KOG 
through K7G from the tapped delay is clocked into register 6C by 1X while byte 
KOH through K7H is clocked into 6D. Bytes clocked into these registers are clocked 
in twice. This occurs because bytes shift in the tapped delay at the key byte rate 
which has half the frequency of the 1X clock. The first time a byte is clocked into 
6D it is used unaltered to multiply a byte of luminance. The second time, it is 
averaged with the byte in 6C and the combined byte is multiplied by a byte of 
luminance. After the KH and KG bytes have been clocked twice the tapped delay is 
shifted. The byte that was KG becomes KH. It is then clocked into 6D and used 
once as is and once averaged with the current KG byte. 


The outputs of 6C and 6D are modified by PROMS 7C and 7D. The first time bytes 
are clocked into these registers the 0.5X clock to address input pin 19 is low. This 
causes the number in 6D to go through the PROM unchanged and the 6C number to 
become zero. 


The second time the same two key bytes are clocked into registers 6C and 6D, the 
0.5X clock to address input pin 19 is high. This causes the numbers in 6C and 6D to 
be multiplied by one-half by PROMS 7C and 7D. 


Outputs of PROMs 7C and 7D are clocked into registers 8C and 8D. The register 
outputs are added by adders 9C and 9D and fed to register 9H. 


3-57 Chrominance Key Processor 


The chrominance key processor produces combined key bytes to cut chrominance 
bytes. It consists of multiplexers 5B, 5C, 5D, 5E, 8G, and 8H, registers 6E, 9E, and 
7G, PROM 7E, and adders 9F and 9G. 


Four sequential bytes of key data are fed into the chrominance key processor to 
produce one combined key byte to cut chrominance data. The byte is used to cut a 
C1 and C2 pair. 


When the process repeats to produce the next key byte, key data in the tapped key 
delay has shifted twice. Consequently, the two most recent bytes used in one 
combined key byte become the two earliest bytes used in the following combined 
byte. 


Bytes of key data are fed into this processor one at a time at the 1X clock rate. As 
each byte is received, it is multiplied by a factor between 0 and 1, established by 
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its position in the sequence. The products produced by multiplying the four key 
bytes are accumulated in a register and the complete sum is fed out as a combined 
byte. 


Key bytes, selected from the tapped key delay outputs by multiplexers 5B, 5C, 5D, 
and 5E, are clocked into register 6E by the 1X clock. Register outputs are fed to 
PROM 7E. The PROM multiplies each byte by a factor established by the A& and 
AY address inputs and the product is clocked into register 9E. 


Outputs of 9E are fed to adders 9F and 9G. When the first product of a combined 
group is in 9E, multiplexers 8G and 8H feed zeros, hard-wired to the multiplexer A 
inputs, to the adders. The result of this addition, which is the same as the 9E input, 
is clocked into register 7G. 


When subsequent products of the combined key byte are in 9E, the accumulated 
sum in 7G is fed to adders 9F and 9G by the multiplexers. When four products have 
been accumulated in register 7G, it holds a combined key byte. This is fed to 
register 7H. 


3-58 Key Multiplexer 


The key multiplexer consists of tri-state registers 7H and 9H. Key bytes, to cut 
luminance and chrominance, are clocked into 9H and 7H, respectively. A timing 
signal, which is low when luminance bytes are fed to the cutter multiplier, is fed to 
the output enable terminal of 9H at pin 1. The inversion of this signal is fed to 
7H-1. ; 


3-59 Cutter Multiplier 


The cutter multiplier multiplies eight-bit key bytes by eight-bit luminance and 
chrominance bytes and produces a product rounded off to eight bits. Key bytes are 
binary fractions ranging in value from 0 to 1. Video bytes are signed binary 
numbers ranging from -128 to +128. Multiplication products are in the same 
format, and have the same range, as video inputs. The cutter multiplier consists of 
IC multiplier 3F, registers 1G, 1H, and 2H, adders 3H and 4H, and flip-flop 4G. 


Video bytes are clocked into register 1G by 1.5X and fed to the X inputs of 
multiplier 3F. When luminance bytes are in 1G, the output of register 9H is fed to 
the Y inputs of 3F. The output of register 7H is fed to the Y inputs of 3F when 
chrominance bytes are in register 1G. The nine most significant bits from the 
multiplier output are clocked into register 2H and flip-flop 4G, rounded off to eight 
significant bits by adders 3H and 4H, and clocked into output register 1H. The 
outputs of 1H are fed to the Adder PWA. 


3-60 Computer Interface 


The computer interface consists of ICs 2N, 1S, 1T, and 2T on sheet 4. Decoder 2N 
decodes strobes to load control data in registers 1S and 1T and to clear key failure 
detector counters in IC 3T. Tri-state buffers in 2T put the count in 3T counters on 
MCHBUS data lines DO through D7. 
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3-61 ADDER PWA 


The Adder PWA receives cut video from Cutter PWAs. This consists of channels A, 
B, C, and D video and two cut video background matt channels. The Adder PWA 
adds any two combinations of input video channels simultaneously. The results of 
either addition can be fed out of the card on any combination of output channels, 
with the restriction that no output channel can carry both combined video signals 
at the same time. This restriction is imposed by software to protect output Circuits 
of the board. 


The six input video channels are fed to adders No. | and No. 2 via input buffers. 
(See Figure 3-17.) Input-enable signals for each channel are also fed to each adder. 
Those channels to be added together at any given time are gated into the same 
adder by active (low) states of associated enable signals. 


Provision is made to delay the sum output of adders for one or two cycles of the 
ECL X 1.5 clock. The delay is controlled by delay-enable lines to the adders. 


The output of each adder is fed to an associated output register. Either output 
register can gate its combined video input to any combination of output channels. 
Output enable lines to each register control the output gating. 


Input enable, delay enable, and output enable signals are produced in the computer 
interface logic in response to control data received from the Combiner Computer 
PWA. 


3-62 Input Buffers 


The input buffers consist of ICs 1B, 1C, 1D, 1E, IF, 1G, 1H, and 13. (See the top of 
sheet 2 of the Adder PWA schematic in Section 5.) Input buffers 1B, IC, ID, and 1E 
receive cut multiplexed luminance and chrominance bytes from channels A, B, C, 
and D, respectively. Input buffers IF and 1G receive similar bytes for two 
background matts. ICs 1H and 1J are spares. 


3-63 Adder No. 1! 


Adder No. | contains most of the logic on sheets 2 and 3 of the schematic. This 
adder adds all eight input numbers together. In a case where two channels are being 
combined, there will be numbers from these two channel inputs and numbers from a 
background matt input. The remaining five inputs will be feeding zeros into the 
addition. 


The eight input numbers (including the five inputs feeding zeros into the addition in 
the example just described) are added together in a series of two-number additions. 
First, channels A and B are added, channels C and D are added, background matts | 
and 2 are added, and the two spare inputs are added. Next, the sum produced from 
channels A and B is added to the sum produced from channels C and D while the 
sum produced from the two matts is added to the sum from the two spare inputs. 
The channel video sum is then added to the sum produced from background and 
spare inputs. 
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Inputs to adder No. | come through registers 2B, 2C, 2D, 2E, 2F, 2G, 2H, and 29 at 
the top of sheet 2. Data is clocked into these registers by the X 1.5 clock when 
master resets to pin | are inactive. . 


Channel A numbers in 2B are added to channel B numbers in 2C by adders 3B and 
3C. The sum produced by this addition is clocked into register 4B. IC 3B adds the 
four least significant bits from 2B and 2C. The four most significant bits are added 
by 3C. When a carry occurs from the least significant bits it is fed to the higher- 
order addition from pin 3B-9. 


The sum of channel! A and channel B numbers in 4B is added to the sum of channel 
C and channel D numbers in 4E. This addition is produced by adders 4C and 4D and 
the sum is clocked into 4K. 


The sum of channels A, B, C, and D in 4K is added to the sum of background 
channels and spare inputs in 4N. This addition is produced by adders 4L and 4M and 
the sum is clocked into 3N on sheet 3. 


Ideally these additions should never add up to more than +127. This follows from 
the fact that the maximum value of numbers before being cut out is +127. For 
example, if 50% of +127 is added to 50% of +127, the result should be 100% of +127 
or +127. However, round-off errors can cause sums in excess of +127 to occur. An 
example of this effect is seen in the case of cutting 01111111 (+127) to 50%, which 
gives 0111111.1 (463.5). Rounded, this gives 01000000 (+64). Consequently, 50% of 
+127 plus 50% of +127 adds up to 10000000 which in this number system equals 
~128. 


To prevent this reversal of sign from occurring, logic is included with the addition 
logic to detect sums in excess of +127. If such a sum is detected at any addition 
stage, a flip-flop is set. Outputs of these flip-flops are propagated through to set 
flip-flop 4R-19 on sheet 3. When flip-flop 4R-19 is set, the sum in 3N is not valid 
and the output of 4R-19 forces the output of multiplexer 3R/3P to OLI11111. When 
4R-19 is low, the number in 3N is fed through multiplexer 3R/3P. 


The sum produced by adder No. | at multiplexer 3R/3P is fed out through delay 
logic containing 3L, 3M, 2K, and 2L. When no delay is required, the outputs of 
buffers in 3M are enabled by a low input to pins 3M-1 and 3M-19 to gate the data 
straight through. A delay of one clock period is produced by enabling the outputs of 
buffers in 2L instead. This feeds the outputs through flip-flops in 3L. When the 
outputs of flip-flops in 2K are enabled instead of outputs of 3M or 2L, data is 
clocked through flip-flops in 3L and 3K for a delay of two clock periods. 


3-64 Output Register No. | 


Output register No. | contains IC registers LK, IL, IM, IN, and 1P. Outputs of the 
delay logic are clocked into these registers by the 1.5X clock. Outputs of registers 
IK, 1L, IM, and IN go to channels A, B, C, and D, respectively. Register 1P is a 
spare. Data is fed to channels providing video for the combine summed in adder No. 
1 by enabling outputs of the associated IC register with a low signal to pin 1. The 
outputs of these registers are tri-state. They connect to duplicate devices in output 
register No. 2 allowing either register to feed data to any channel. 
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Figure 3-17. 
Adder PWA Block Diagram 
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3-65 Adder No. 2 and Output Register No. 2 


Adder No. 2 and output register No. 2 contain most of the logic on sheets 4 and 5. 
These devices are the same logic configurations as adder No. | and output register 
No. 1. They receive data from the same sources and feed outputs to the same 
destinations. The only difference between the No. | and No. 2 devices is the 
control signals they receive from the computer interface logic. 


3-66 Computer Interface Logic 


The computer interface logic contains ICs 3S, IR, 1S, 2S, and 2R on sheet .3, and 
ICs 5S and 5R on sheet 5. IC 3S receives a write strobe and address lines from the 
combiner computer and decodes chip select signals CSO and CS2. The CSO signal 
loads data into 2S and 2R on sheet 2. Data is loaded into 5S and 5R on sheet 3 by 
CS2. The data to these registers is buffered by 1R and 1S on sheet 1. 


Outputs of 2S on sheet 3 enable inputs to addition logic from channels A, B, C, and 
the background channels as required. Outputs at pin 19, 16, and 15 of IC 2R control 
the output delay of adder No. 1. Destinations of video outputs of adder No. | are 
selected by outputs of 2R at pins 12, 9, 6, 5, and 2. 


Outputs of 5S and 5R on sheet 5 perform the same functions for adder No. 2 and 
output register No. 2 as outputs of 2S and 2R do for adder No. 1 and output Sete 
No. I. 


3-67 CLOCK PWA 


The Clock PWA produces timing outputs for use by other PWAs in the 
concentrator. The outputs consist of X3 and HPHASE signals for channels A, B, C, 
and D, eight bank clocks, and GOO through GOI! X3 and HPHASE signals are fed to 
each I/O PWA. The bank clock and GOO through GOI! signals are fed to Keyer, 
Cutter, and Adder PWAs. Timing references, from which outputs are derived, are 
selected as appropriate for the combines in progress. Gating of selected timing 
references is controlled by data from the combiner computer. 


3-68 X3 and HPHASE Signals 


X3 and HPHASE signals are produced by channel! I/O clocks selectors. (See Figure 
3-18.) When channel A video is used in combine No. 1, the channel A I/O clocks 
selector gates through the X3A and HA signals to become X3-A and HPHASE-A 
signals to the channel A I/O PWA. It gates through the X3B and HB signals when 
channel A video is used in combine No. 2. When channel A video is not used in a 
combine, it is looped through the I/O PWA and fed back to the signal system. In 
this case, the CLKO and HO signals are gated through. Input selection for this 
multiplexing function is controlled by the EO and El bits from the setup registers. 
X3 and HPHASE signals for other channels are produced by other I/O clock 
selectors in the manner described for channel A. 


The CLKO and HO signals are produced by the channel A HPHASE adjust counter. 


This counter receives the PLLX3-A and PLLHPHASE-A signals from the channel A 
I/O PWA. The PLLX3-A signal is buffered and fed through to become the CLKO 
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Figure 3-18. 
Clock PWA Block Diagram 
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signal. The phase of the PLLHPHASE-A pulse is shifted some number of cycles of 
the CLKO signal to produce the HO output. The amount of shift is controlled by the 
AO through A7 bits from the setup registers. 


CLK and H signals for other channels are produced by other HPHASE adjust 
counters in a similar manner to that described for the channel A signals. 


The X3A and HA signals are produced by input clock selector No. 1. This selector 
receives CLK and H signals from HPHASE adjust counters for channels A through 
D and gates through the inputs from one channel. Selection is controlled by the FO 
and FI! bits from the setup registers. 


The X3B and HB signals are produced by input clock selector No. 2 in a similar 
manner to that described for the X3A and HA signals. 


3-69 Bank Clock Signals 


Bank clock signals are produced by the channel, background, and adder clocks 
selectors. The bank 0 clocks are used to clock channel A data in the Keyer and 
Cutter PWAs, in slots 9 and 5, respectively. (See Table 3-3.) Mnemonics for the 
bank 0 clocks are also listed in the table. The bank 0 clocks are produced by gating 
through timing signals from the combine No. | or No. 2 timing generator outputs. 
Selection from these two sources is controlled by the GO signal from the setup 
register. Other bank clocks are produced in a similar manner. Pertinent data for 
each set of bank clocks is listed in the table. 


Combine No. | timing generater produces timing signals for combine No. 1. The 
timing signals are derived from reference CLK and H signals selected by input 
clock selector No. 1. The reference signals selected will be from the channel 
providing reference video. This channel is selected manually by the control unit 
operator for combine No. 1. 


Timing signals for combine No. 2 are produced by combine No. 2 timing generator 
from reference signals selected by input clock selector No. 2. 


3-70 GOO Through GOI1 Signals 


The GOO through GOI! signals are produced by the general outputs selector. Each 
of these signals is produced by clocking through a corresponding T signal from a 
timing generator with a clock from the same generator. For example, GOO is 
produced by clocking the TO-A or TO-B signal through. If the TO-A signal is clocked 
through, it is clocked by the TTLX1-A, since TO-A and TTLX1-A are both from the 
combine No. | timing generator. Table 3-4 lists the GO signals plus information on 
the destination and use of each signal. 


3-71 HPHASE Adjust Counters 


HPHASE adjust counters shift the phase of the PLLHPHASE signals received from 
I/O PWAs. Each adjust counter contains three IC counters. (See sheet 2 of the 
Clock PWA schematic in Section 5.) The counter for channe' A contains IC 
counters 3K, 4K, and 5K. The three duplicate configurations below the channel A 
counter are for channels B, C, and D, in that order. 
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Table 3-3. Clock PWA Bank Clocks 
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Table 3-4. Clock PWA GO Signals (Continued) 


Channel 
or 
Combine 


Background #2 Cutter KEY SW 


Background #1 Keyer FRAME 


Background #2 - } Keyer FRAME 


Background #1 Keyer VERTICAL 
BLANKING 


Background #1 Keyer VERTICAL 
/ BLANKING 


Background #2 Keyer VERTICAL 
BLANKING 


Background #2 Keyer VERTICAL 
BLANKING 


Combine 1 Combiner FIELD IN- 
Computer TERRUPT TO 
COMPUTER 


Combine 2 Combiner FIELD IN- 
Computer TERRUPT TO 
COMPUTER 


The channel A counter is incremented by PLLX3 from the PWA in slot 1. The 
counter is preset by a pulse derived from the PLLHPHASE signal from the same 
PWA. The derived pulse is produced by flip-flops in 2K which produce a pulse with 
a 25 nanosecond width from the 75 nanosecond PLLHPHASE pulse. This limits the 
preset pulse to one cycle of the incrementing clock. When the channel A counter 
recycles, the carry out of 5K is clocked into flip-flop 5L. The output of this flip- 
flop is the HO signal to the channel A I/O clocks selector. The value of the AO 
through All preset number to the counter determines the phase shift produced by 
this counter. 
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3-72 Channel I/O Clocks Selectors 


Channel I/O clocks selectors select the source for X3 and HPHASE signals to I/O 
PWAs. The selectors are illustrated on the right side of sheet 2. Multiplexers 3L, 
4L, 3M, and 4M are contained in selectors for channels A, B, C, and D, 
respectively. 


Multiplexer 3L selects the CLKO, X3A, or X3B input to be the X3 signal to channel 
A. The selection is controlled by the EO and E1 bits which also control the selection 
of HO, HA, and HB to be the HPHASE signal. The HPHASE signal is clocked 
through flip-flop 2L by the X3 signal to put it into synchronization with this clock. 


3-73 Setup Registers 


The setup registers receive data from the Combiner Computer PWA to control the 
functioning of devices on the Clock PWA. The registers are contained on sheet 3. 


TTL data is received on the DO through D15 lines. The data is buffered and fed to 
registers IN, 1R, and 1S which store P and R bits. The buffered data is also fed to 
TTL to ECL translators 2N, 2P, and 2R to produce ECL data KO through K11. The 
K data is fed to registers in the lower center of the sheet to store A, B, C, D, E, 
and G bits. 


Address bits, a read/write signal, and a bus strobe are received on the Al through 
A7 lines, the R/W line, and the BS line. Address lines A5, A6, and A7 are decoded 
by 2U to produce clocks for the various registers. The decoder is enabled by low 
R/W and BS signals. Clocks J6 and J7 load TTL registers IN, 1R, and 1S. JO through 
J5 are converted from TTL to ECL by translators in 2T and 2S to clock data into 
ECL registers. 


Functions of setup bits are listed in the table at the lower left corner of sheet 3. 
Table columns are headed by clocks decoded from the address bits and the lines 
represent data bits. The first column indicates that bits DO through D11 control the 
phase adjustment of the HPHASE signal for channel A after being clocked into a 
register by JO. (Bits DO through D1! become KO through K1! when they are 
converted to ECL signals. KO through K11 become AO through All after they are 
clocked into 4N and 3N by JO. Bits AO through All are fed to channel A HPHASE 
adjust counter to control the phase of HO.) 


3-74 Input Frame Pulse Selector No. 1 


Input frame pulse selector No. | selects a reference frame pulse for the generation 
of timing signals for combine No. 1. The selector consists of multiplexer 11H in the 
upper left corner of sheet 4. Selection is controlled by the RO and R1 bits from the 
setup registers. 


3-75 Input Clock Selector No. | 


Input clock selector No. | selects a reference CLK and H signal for the generation 
of timing signals for combine No. |. The selector consists of multiplexer 6L in the 
upper right corner of sheet 4. Selection is controlled by the FO and F1 bits from the 
setup registers. 
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3-76 Combine No. | Timing Generator 


The combine No. | timing generator produces timing signals used throughout the 
concentrator to process combine No. |. This timing generator contains all the logic 
on sheet 4 except multiplexers 11H and 6L. 


Counter 8D, PROM 8E, and flip-flops in 8F produce ECLX1-A, ECLX0.5-A, and 
ECLX1.5-A clocks. Counter 8D is incremented by the X3 clock. It is reset by the 
HA pulse. Counter stage outputs are fed to address inputs of PROM &8E. PROM 
outputs are clocked into flip-flops in 8F to produce reliable logic levels. The output 
at pin 8F-15 is fed back to preset counter 8D after count 5. 


The HO-A through H7-A signals are produced by counters 12L, 12M, and 12N, 
PROM 12T, latches in 11U, translators 6A and 7A, flip-flops in 6B and 7B, and 
gates in 6C and 7C. The counters count the XI clock. They are cleared by the 
frame pulse and preset at the end of each line by the output of 12K-9. The counter 
outputs go to address inputs of PROM 12T. The PROM outputs are strobed into 
latches in 11U. Outputs of 11U latches are converted from TTL to ECL by 
translators 6A and 7A. The translator outputs are clocked into flip-flops in 6B and 
7B. The flip-flop outputs are fed to gates in 6C and 7C. These signals have a 
minimum pulse width of 75 nanoseconds since the period of the X1 clock is 75 
nanoseconds. The common input to gates 6C and 7C consists of low pulses with 
pulse widths of 25 nanoseconds and a period of 75 nanoseconds. This input limits 
the high output pulses of the gates to 25 nanoseconds. 


The TO-A to T11-A outputs, which are fed to the general outputs selector, are 
produced from a logical combination of H signals and V signals by programmable 
array logic (PAL) in 9U and 9S. The outputs of the PALs are clocked into flip-flops 
in 8U and 8T by the X1 clock. The sixteen flip-flop outputs are designated TO-A 
through T15-A. The T14-A and T15-A outputs are spares. 


_ The H signals are produced from the outputs of counter 12L, 12M, and 12N. These 
outputs are fed to PROMs 12R and 12S. The outputs of the PROMs are clocked into 
flip-flops in 11S and 11T which provide the HO through H15 outputs. 


The V signals are produced by counter 11J, PROMs 11K and LIL, and flip-flops in 
11P and 11R. The counter counts line frequency pulses from 11S-9. It is preset to 0 
by the frame pulse. The counter outputs are fed to PROMs I1K and 1I1L. PROM 
outputs are clocked into 1!!R and I1P. 


3-77 Input Frame Pulse Selector No. 2 


Input frame pulse selector No. 2 selects a reference frame pulse for the generation 
of timing signals for combine No. 2. The selector consists of multiplexer 11G in the 
upper left corner of sheet 5. Selection is controlled by the R2 and R3 bits from the 
setup registers. 


3-78 Input Clock Selector No. 2 


Input clock selector No. 2 selects a reference CLK and H signal for the generation 
of timing signals for combine No. 2. The selector consists of multiplexer 6K in the 
upper right corner of sheet 5. Selection is controlled by the F2 and F3 bits from the 
setup registers. 
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3-79 Combine No. 2 Timing Generator 


The combine No. 2 timing generator produces timing signals used throughout the 
concentrator to process combine No. 2. This timing generator contains all the logic 
on sheet 5 except multiplexers 11G and 6K. It is the same configuration as combine 
No. | timing generator and operates in the same manner. 


3-80 Channel, Background, and Adder Clocks Selectors 


Channel, background, and adder clocks selectors produce the bank clocks. These 
selectors are illustrated on sheets 7 and 8. 


The channel A clocks selector produces the bank 0 clocks. This selector contains 3F 
and 3E. Multiplexer 3F selects a set of clocks from the No. 1 combine timing 
generator or. a set from the No. 2 generator. The selected clocks are 
resynchronized by flip-flops in 3E. Selection is controlled by the GO bit from a 
setup register. 


The remaining selectors are the same configuration as the channel A clocks 
selector and function in the same manner. 


3-81 General Outputs Selector 


The general outputs selector produces the GOO through GO1I5 outputs. This selector 
is illustrated on sheet 6. Outputs G14 and G15 are spares. 


The GOO through GO3 signals are produced by 6S, 5S, and 5R. PAL 6S functions as 
a group of multiplexers. The PO input is a control bit. This bit selects the TO-A or 
TO-B signal to be fed out at pin 6S-18. The PO bit also selects the TTLXI-A of 
TTLX1-B clock to be fed out at pin 6S-17. The low state of PO selects both -A 
signals and the high state selects both -B signals. The selected TO signal is 
resynchronized by clocking it through a flip-flop in 5S with the selected TTLX1 
signal. The Pl, P2, and P3 inputs are also control bits. They select T1, T2, and T3 
bits, respectively. For each -A signal that is selected, the TTLX1-A clock is also 
selected to clock the -A signal through a flip-flop. Selected -B signals are clocked 
by TTLX!-B. 


The GO4 through GOJ13 signals are produced in a similar manner by logic 
configurations containing PALs 6U, 6N, and 6R. 


3-82 COMBINER COMPUTER PWA 


The Combiner Computer PWA receives data from control units, which define 
combines, and sends control data to devices on this board and to other concentrator 
boards as necessary to produce the combines as defined. This board contains a 
microprocessor, support logic, and several peripheral devices. (See Figure 3-19.) 
The devices consist of RAM and ROM with page control, an electrically eraseable 
ROM, a multiplier, an interrupt controller, a control unit interface, MCHBUS logic, 
a programmable timer, status switches, diagnostic LEDs, and a maintenance 
terminal interface. The peripheral devices communicate with the microprocessor 
via address, data, and contro! lines. 
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Figure 3-19. Combiner Computer PWA Block Diagram 


3-83 Microprocessor 


The microprocessor, IC 7M on sheet 2, is a Z8002A. (See Combiner Computer PWA 
schematic in Section 5.) IC 7M has a clock input and 16 bidirectional data and 
address lines designated ADO through ADI5. It also has three input control lines 
and nine output control lines. 
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Control inputs consist of WAIT, VI, and RESET. An active WAITinput to 7M causes 
it to stop. This is used when required to communicate with slow devices. Vectored 
interrupt VI goes low when there is an interrupt condition. When this occurs, the 
microprocessor ascertains the source of the interrupt by communicating with the 
interrupt controller. The RESET input puts the microprocessor in its starting 
condition. 


Control outputs consist of B/W, R/W, MREQO, DS, STO, ST1, ST2, ST3, and AS. The 
B/W lines indicates whether the computer wants a byte or a word when it addresses 
RAM. Read/write line R/W indicates whether data is to be loaded or retrieved 
from memory and other devices. Memory request line MREO goes low to indicate 
that a RAM or ROM is to be accessed and high for other devices. Data strobe DS is 
used to strobe data in or out of the microprocessor. Status bits STO, ST1, ST2, and 
ST3 tell what the microprocessor is doing. These outputs are useful in decoding 
equipment strobes. Address strobe AS is used to strobe addresses from the ADO 
through AD15 lines into an external address register. 


3-84 Microprocessor Support Logic 


The microprocessor support logic contains everything on sheet 2 in addition to 
microprocessor 7M and the logic on sheet 7 that generates the WAIT input to 7M. 
Pulse generator 8T produces a reset pulse when power is applied or when the reset 
button on the board is pressed. Crystal-controlled oscillator 7C produces a TTL 
clock at a frequency of 4.9152 MHz to clock the 7M. Counters 8F and 9F divide the 
clock frequency to produce additional clocks at lower frequencies. Registers 6K 
and 6R store addresses from the computer to free the ADO through ADI5 lines to 
carry data. Bidirectional buffers 6L and 6P buffer the computer output except 
when the data strobe occurs during a read instruction. In this case, they buffer the 
computer input. Buffers in 7K buffer control line outputs of 7M. PAL 6G and 
decoder 3L decode control signals which select devices to be accessed. Decoder 3L 
is inhibited except when 6G decodes DEVICES. This signal enables 3L which then 
decodes address lines A3, A4, and A5. Outputs of 6G and 3L are listed in Table 3-5 
which indicates the function of each. 


Table 3-5. Decoded Control Signals 


MCHBUS Enables communication with other PWAs. 


REGSEL Enables register decoder 3F. 


MEMORY Selects RAM or ROM instead of other devices mapped into memory. 


V/D Indicates if ADO through AD15 carry instruction or data. 


(Continued next page) 
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Table 3-5. Decoded Control! Signals (Continued) 


DEVICES Used to expand decoding by enabling decoder 3L. 


VIAC Vectored interrupt acknowledge. 


REFRESH Refreshes the dynamic RAM. 

EEROM Enables fetch from or write to the electrically eraseable ROM. 
CHA Enables communication with the control unit for combine No. 1. 
CHB Enables communication with the control unit for combine No. 2. 
SWITCHER Not used in this application. 

MNTCE Enables communication with diagnostic terminal. 

TIMER Enables programming of one of the three available timers. 
INTCTLR-B Allows communication with interrupt controller B. 


INTCTLR-A Allows communication with interrupt controller A. 


The WAIT input to microprocessor M7 comes from gate 2L-6. (See sheet 7.) When a 
slow device is accessed that requires a wait of no more than one cycle of CPUCLK, 
the wait is produced by shift register 3R. An example is EEROM 6T which is also 
on sheet 10. When M7 is going to access 6T the EEROM signal is decoded. This is 
fed to pin 1! of NAND gate 3M, causing the load input of register 3R, at pin 9, to 
go high (inactive). Previously, the active load input had put ones into flip-flops A, 
B, and D of 3R and a zero into C. When EEROM goes low the zero is clocked into D 
followed by ones to produce a single wait state. When a wait of more than one 
cycle of CPUCLK but less than two is required, shift register 3P produces the wait 
period. This register receives a zero in both flip-flops B and C. The PAUSE input 
to pin 5 of gate 2L is from the interrupt controller. The length of this wait is 
variable depending on how long it takes the controller to generate a vector code. 
The input to pin 4 of gate 2L is for testing purposes. 
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3-85 Page Control Logic 


The board contains eight pages of memory, four of PROM and four of RAM. Any 
four pages are directly addressable at any one time. Addressable pages are selected 
by control signals from the page control logic. (See sheet 5.) Control signals are 
decoded from bits held in page registers 5E and 4E. Decoding is performed by PAL 
6E. 


The bits in page registers that select current pages 0, 1, 2, and 3 are listed in the 
lower left table on sheet 5. The code for each page is listed in the table on the 
right. The code that selects the current page to be accessed is listed in the middle 
table. 


3-86 RAM and Associated Logic 

The RAM is illustrated on sheet 3 of the schematic. It contains four pages of 32K 
bytes each and consists of RAM ICs 8J through 8S and 9J through 9S. Each RAM IC 
has 64K addresses with one bit at each address. The 16 RAM ICs comprise a 64K 
address memory with a 16-bit word at each address. The 64K addresses are divided 
into four pages by the RAMO and RAMI signals. Each page contains 16K addresses 
with a high and low order 8-bit byte at each address. 


RAM ICs require 16 address bits. They are fed to the AO through A7 address lines 
in two bytes. The row address bits are clocked in by a low pulse to row address 
strobe input RAS. Column address bits are clocked in by a pulse to CAS. The D and 
Q terminals are data in and data out, respectively. The data output is tri-state and 
is enabled by an inactive (high) state of write input W. 


Associated logic consists of bidirectional buffers 7P and 7L, multiplexers 6S, 7R, 
9H, and 9G, and flip-flop 7J-9. 


Multiplexers 6S and 7R select eight lower or eight upper address bits for row or 
column address bits, respectively. The selected address bits are fed to the RAMS 
through buffers in 7S. These buffers are designed specifically to drive MOS loads 
that have special voltage and drive specifications. 


An odd write strobe to RAMs 8J through 8S and an even one to 9J through 9S are 
produced by multiplexer 9H and buffered by memory drivers in 8H. The odd and 
even strobes load bytes RDO through RD7 and RD8 through RDI5, respectively. 
When byte/word signal B/W is in the byte state and a write pulse occurs on the 
R/W line, one of the strobes will be produced. Selection is controlled by address bit 
AO. When this bit indicates an odd address, the odd write strobe is produced. 
Otherwise, an even one is produced. The word state of B/W causes both an odd and 
an even strobe to be produced in response to a write pulse. 


ICs 7P and 7L buffer the RAM data inputs and outputs. Direction is controlled by 
read/write signal R/W. Tri-state outputs of the buffers are enabled by a low chip 
select input to pin 19. Chip select signals are produced by 9G and fed to the buffers 
when 8G gates are enabled by RAMSEL When R/W is in the write state, chip select 
is produced in response to write strobes to the RAM. An active state of data strobe 
DS produces chip select when R/W is in the read state. 
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3.87 ROM and Associated Logic 


The ROM is illustrated on sheet 6 of the schematic. It contains four pages of 32K 
bytes each and consists of ROM ICs 5M, 5P, 5S, 5T, 4M, 4P, 4S and 4T. Each IC 
ROM contains 16K addresses with a byte at each address. Each page contains two 
IC ROMs. 


Associated logic consists of decoder 6J. This IC decodes PROM 0 and PROM 1 
signals from the page control logic. When the ROM has been selected for a fetch, 
PROMSEL is active. Then, a low strobe to the MREQ input causes the decoder to 
produce an output enable pulse to the ROMs in one page. 


3-88 Electrically Eraseable ROM 


The electrically eraseable ROM (EEROM) is IC 6T on sheet 7. This device contains 
2K addresses with eight bits at each address. It is used to store setup numbers. Al 
through All are the address inputs. DO through D7 are data outputs. CE is the chip 
enable, WE is the write enable, and OE is the output enable. 


3-89 Multiplier 


The multiplier consists of IC multiplier 5F and decoder 4H on sheet 6 and Reeiaret 
DD on sheet 6. It is provided to save microprocessor time. 


IC 5F multiplies a 16-bit X input by a 16-bit Y input and produces a 32-bit product. 
When the CLK-X input to 5F receives a high pulse, the leading edge clocks the 
16-bit X input into the multiplier. The leading edge of a low pulse to input CLK-Y 
clocks the Y input in. A low input to TRIM puts the 16 most significant bits of the 
product on the MSP output lines. The 16 least significant bits are put on the LSP 
lines (which are also Y input lines) by a low input to TRIL. Decoder 4H decodes 
address lines A3, A4, and A5 to produce CLK and TRI inputs to the multiplier when 
DEVICES has been decoded by PAL 6G on sheet 2 and address line A6 is low. 
Decoded outputs are low during data strobe DS. 


The mode of the multiplier is controlled by mode inputs TCX, TCY, RND, and FA. 
When all these inputs are low the X and Y inputs are treated as unsigned binary 
numbers and a 32-bit unsigned binary product is produced. A high TCX input causes 
the X input to be treated as a signed number with the sign in the most significant 
position and negative numbers in the twos complement form. The Y input is treated 
this way when TCY is high. The product is rounded off to 16 significant bits when 
RND is high. A high FA input causes the product to have a sign bit in the most 
Significant position of both the most significant product and the least significant 
product. Register 5D is loaded with status bits from the lower data byte when 
STATUS OUT is decoded by decoder 3F on sheet 5. Bits DO through D3 in this 
register control the state of mode signals to multiplier 5F. 


3-90 Interrupt Controller 


The interrupt controller contains IC interrupt controllers 2P and 2M. (See sheet 6.) 
When either of these ICs receives an interrupt it produces vectored interrupt signal 
VI to microprocessor 7M. IC 7M responds with interrupt acknowledge signal VIACK, 
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When this is followed by data strobe DS from 7M the IC interrupt controller that 
sent the VI signal puts a code on data lines DO through D7, identifying the source of 
the interrupt. 


Interrupts I/O INT 0, I/O INT 1, I/O INT 2, and I/O INT 3 are from the I/O boards 
for channels A, B, C, and D, respectively. The interrupt is sent when the board has 
data for the computer that was received on the 9THBIT line. Interrupts TIMER 0, 
TIMER 1, and TIMER 2 are from timers 0, 1, and 2 in the programmable timer. 
These interrupts are generated when the corresponding timers time out. CHAINT 
and CHBINT indicate that data has been sent to the control unit interface for 
combine No. ! and combine No. 2, respectively. MNTCEINT indicates the 
maintenance terminal interface has transmitted a character to the terminal or has 
received one from the terminal. SWITCHER interrupt is not used in this 
application. 


3-91 Control Unit Interface 


The control unit interface allows the concentrator to communicate with two 
control units at a time, one for combine No. | and one for combine No. 2. The 
interface is illustrated on sheet 4. 


Serial digital data from control units is fed to line receivers in the top right corner 
of the sheet. Receiver outputs are fed to multiplexers 1A and 1B. Multiplexer LA 
selects the control unit input for combine No. 1 and feeds it to universal 
asynchronous receiver transmitter (UART) 7B. IC 7B converts the bit serial input 
to a bit parallel byte serial output and feeds it to first in first out register (FIFO) 
7A on the RDO through RD7 lines. If a parity, frame, or overrun error occurs, an 
error indication is fed to pin 7A-24. (The microprocessor will not use data received 
with an error indication.) The microprocessor reads the data stored in the FIFO. 
Bytes of data are strobed onto the DO through D7 lines in the order they were 
received by low pulses to the CSA input. Multiplexer 1B selects the input for 
combine No. 2 and feeds it to the computer via UART 9B and FIFO 9A. FIFO A 
EMPTY and FIFO B EMPTY outputs of 7A and 9A go to the microprocessor via 
status register 5C on sheet 5. 


Data from the computer for a control unit is fed to register 6D. If the data is for 
combine No. | control unit it is fed to TDO through TD7 inputs of UART 7B. UART 
7B serializes the data and feeds it to demultiplexer 3C. IC 3C connects to line 
drivers that feed serial data to the eight control units. The serial input to 3C goes 
to the line driver that is connected to the control panel controlling combine No. !. 
Data for combine No. 2 line driver goes via UART 9B and demultiplexer 2C. 


The selection function for combine No. 1 multiplexer and demultiplexer is 
controlled by signals CHA0, CHAI, and CHA2. These signals are produced by bits 
stored in register 3B. This register also stores bits to control combine No. 2 
selection and bits that indicate if a control unit is connected for combines No. | 
and 2. Outputs of register 3B are connected to LEDs DS! through DS7 for 
diagnostic purposes. Register 4D holds bits that turn line drivers on or off. Line 
drives in use must be turned on. Others may be off or on. 
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3-92 MCHBUS Logic 


The MCHBUS Logic is an interface between the combiner computer board and 
other concentrator boards. It consists of decoders IM, IN, IP, and IT, bi- 
directional buffers 1S and IR and buffer IC 1U on sheet 5. MCHBUS lines consist of 
board strobes and address lines out and bidirectional data lines. 


Board strobes BSI through BS32 are produced by the decoders. Decoder 2U does a 
preliminary decode of address lines All and Al2 when MCHBUS is active to 
produce and enable to one of the other four encoders. The decoder receiving the 
enable decodes address lines A8, A9, and Al0. The decoded board strobe goes low 
when data strobe DS to the decoder input goes low. 


Address lines Al through A7 from external address register 6K/6R on sheet | are 
fed to concentrator boards via buffers in 1U. The R/W output of buffer IC 7K on 
sheet | is also fed to the boards via IC 1U. 


Computer data lines DO through D1I5 are connected to concentrator boards via bi- 
directional buffers 1S and IR. Direction of these buffers is controlled by R/W. 
Buffer outputs are enabled when MCHBUS is decoded by PAL 6G on sheet | and DS 
goes low. 


3-93 Programmable Timer 


IC 2S on sheet 6 is the programmable timer. This IC contains three independent 
programmable timers that are controlled by the microprocessor. Timers are 
programmed by data fed to 2S on the DO through D7 lines. The data is clocked in by 
TIMER from decoder 3L on sheet 2. One of the three internal timers is selected to 
receive program data by address lines Al and A2 to 2S. When a timer times out, it 
produces an interrupt output on the corresponding timer output line. 


3-94 Status Switches 


The status switches provide information about system configuration to the 
microprocessor. They consist of dip switches 5A and 4B on sheet 5. Three of these 
switches indicate the type of switcher in the system. One indicates if the system 
uses NTSC or PAL video format. Other switches are spares. Switch outputs are fed 
to DO through D15 data lines through tri-state buffers 5B and 4C. When SW is 
decoded by 3F these buffers are enabled and feed switch status data to the 
microprocessor. 


3-95 Diagnostic LEDs 

The diagnostic LEDs are provided to check the states of data lines for diagnostic 
purposes. This circuit contains LEDs DS9 through DS24 on sheet 5. It also contains 
registers 7U and 7T. When decoder 3F decodes LED, data on DSO through DS1I5 is 
clocked into 7U and 7T. The outputs of these registers are displayed by the LEDs. 


3-96 Maintenance Terminal Interface 


The maintenance terminal interface allows certain terminals, as defined in 
paragraph 4-4, to communicate with the microprocessor for diagnostic purposes. It 
consists of UART 3J and associated translators. (See sheet 7.) IC IK is a dc to dc 
converter. It produces +12V power required by the interface. 
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Inputs and outputs of 33 are TTL. Signals to and from a terminal use RS-232 
standard. Translators in 2J convert the RS-232 signals to TTL. TTL is converted to 
RS-232 signals by translators in 13. 


Data for a terminal is received from the microprocessor in bytes at the DO through 
D7 inputs. When UART 3] has data for a terminal, it sends request to transmit 
RTS to the terminal. If the terminal is ready to receive data it sends clear to 
receive CTS to 3J. The data is then sent bit-serially on the TD output of 3J. After 
sending a character to a terminal, 33 sends an interrupt to the interrupt controller. 


Data for microprocessor 7M is received from a terminal bit-serially on the RD line. 
UART 3] assembles the bits into a byte and informs 7M that a character is ready 
by sending an interrupt. When 3] is addressed and receives data strobe DS it puts 
the byte on the DO through D7 lines for the microprocessor. 
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SECTION 4 
MAINTENANCE 


4-1 INTRODUCTION 


This section contains information on test equipment, circuit breakers, fuses, 
diagnostic terminals, and power distribution. 


4-2 TEST EQUIPMENT 


Table 4-1 lists standard test equipment used for troubleshooting the concentrator. 
Table 4-1. Typical Test Equipment 


[tem [beniete te 


Multimeter Volt-ohmeter 


Oscilloscope Dual Channel, 150 MHz 


Digital Extender Ampex Part No. 1409773 


4-3 CIRCUIT BREAKER AND FUSES 


Locations of the circuit breakers and fuses are illustrated in Figures 1-5 and 1-6. 
Table 4-2 describes these devices. 


4-4 DIAGNOSTIC TERMINALS 


Acceptable terminals for diagnostic input to the concentrator are an Ampex D175 
or any terminal that has a fixed tab stop such as a Zenith Data Systems H19. 


4-5 POWER DISTRIBUTION 


Power distribution for 115 and 230 Vac applications are illustrated in drawing 
1465060 in Section 5. 


Ampex 1809633-01 GJ 


Table 4~2. Circuit Breaker and Fuses 


Circuit Breaker, 25A Input protection for 120 Vac service 
Circuit Breaker, 15A Input protection for 230 Vac service 


10A Slo Blo Fuse Minus 5 Vdc power supply protection for 120 Vac 
service 


5A Slo Blo Fuse Minus 5 Vdc power supply protection for 230 Vac 
service 
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Assembly No. 1465023-AA/AB A. Lower Fan Assembly 
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Assembly No. 1465024-AA/AB A. Rear Fan Assembly 
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04-009 WASHER, PLAIN, #6, .375 OD 
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Assembly No. 1464592-AA/AB C. Power Supply Chassis Assembly 
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1464594-AB CONNECTOR PANEL ASSEMBLY (230V) 
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Ae ee 
ee mat {TPT 
C 


one St WaT £7 
C0740 | > | 


7} 470-011 SCREW, CAP, SOC HD., HEX SOC DR., #4-40 X .438 LG 16 | 
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Assembly No. 1464594-AA/AB A. Connector Panel Assembly 
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Assembly No. 1464420-01C . Control Interconnect PWA 


9-50 Ampex 1809633-01 


Ampex 1809633-01 


CRRTONCA PORT mECRONE BO EES 


SWITCHER 
422 


SWITCHER 
232 


MNTCE 
232 


CP7 


CP6 


CPS 


INTERCONNECT DIAGRAM 
RIBBON CABLE 


crc rcrrrrrrre eo ‘Si cmt ema i eg iyi imag i” tans ga, es 
COMPUTER XA27 
XA27 65-38 Pl2 
GND The ee a ze 
sD0+ FS é ee 
one Ce a 35 
pid CSL 21 21 
2 [ei__18 18 18 
eis 8419 19 19 
cre [e916 16 16 
cree [e2_? 17 7 
MOTHER CABLE,CONTROL PANEL, 
BOARD CONCENTRATOR 
PWA MOTHERBOARD 
14649868 
(34 CONDUCTOR) 
9128 28 28 
S 
ie 9227 27 27 
sp {8926 26 26 
cre 19025 25 25 
98 33 33 33 
GND 
BND. Toe 5 a Si 
S00 195 a 32 3 
RES Tea, 3 29 5 
SD! ; 
erg «(93 3 30 30 
4 14 14 
SND a 3 13 13 
Reve Pe 7 . 
ae e r il i 
XMT + 
iy te ile 12 12 
SPARE £6 ! : : 
Kev Ee fe 
Be 7 7 7 
XMT + 2 8 
Ware dl 8 8 
GND 67 = - - 
RCV + a - : = 
RCV — 
Sirs 
xmt~ © 


CONTROL INTERCONNECT PWA 


24 iain = is 
22 
23 
20 


at 
18 
I9 
16 
17 


28 
27 
26 
25 


33 
34 


31 
32 


Ol [NIN l@o jal pH] 


29 


30 


SPARE 


WOl— IM IV Jwolwl ala 


WO]— |M Iw loo fw [SB] 
\ 


CHM 1D IM Tp 


WO] — | [w [oO jot |B LO 


© |— Jr |~ lo lo [oslo 


SHLD 
SHLD 
RCV + 
RCV — 
XMT+ 
XMT— 


CHAS 
GND 


: 
| 
| 
| 
| 


I RF REED, 


SWITCHER 
422 


SWITCHER 
232 


MNTCE 
232 


CP? 
CP6 
CPS 


CP? 
CP6 
CP5 


cP4 


cp4 


CP3 


cP2 


CPi 


CPO 


INTERCONNECT DIAGRAM 


RIBBON CABLE 


4 
ese reyeis eae Na ete 
COMPUTER XA27 

XA27 33-58 
57 26 
GND 
acv+ [5524 
acy. (2825 
bene Cre 
mT [2523 
RCV+ 34 PT 
RCV- 
XMT+ 49 18 
yur eon!8 
47 16 
GND 
ohee 
neue: 
ae i 
hee 
44 
RCV+ 
Bene 
ree 
xu LaL_10 
376 
GND 
Ren 
ryt 
SaTe. 
eel 
36 3 
SPARE 
spare [22 


CONTROL INTERCONNECT PWA 


ee ee ae ee eee ee ~_n 
P3 J3 
26 26 
24 24 
25 25 
22 22 
23 23 


CABLE,CONTROL PANEL, 
CONCENTRATOR 
MOTHERBOARD 
1465008 

(26 CONDUCTOR) 


DISTR CODE: $ 1 


cp4 


20 20 
Al 2l 
18 18 
Ig 19 
16 16 
15 15 
17 17 
i) 13 


CPS 


cP2 


i) 
~ 


wo 
oO 


fo) 
Ss 


CPI 


H[D(W ID 
1 lol~w lo 


| 


CPO 


SPARE 
SPARE 


SPARE 


11464420 [CO 
| nextassy | useoon | 


APPLICATION 


CPS 


cp2 


CPI 


CPO 


Schematic No. 1464422—. 
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Assembly No. 1420244-03E. 120V AC Cable Assembly 
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Assembly No. 1464596-01B. 120V Circuit Breaker Panel Assembly 
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Assembly No. 1420217-02E. 230V Circuit Breaker Panel Assembly 
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Assembly No. 1465007-AA/AB B. Digital Motherboard Connector Panel Cable 
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Assembly No. 1464988-01A. Control Concentrator Motherboard Panel Cable 
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Assembly No. 1464411-03G. Input/Output Phase Lock Loop PWA, A1-A4 
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cu 7 SW36-10 [101022 [ ADDO} TI100119 [3152.000[33 rw TOOT TUK OOBW! (2) |OIMIATVSK Ava 22K | 2/gov, SK 
oeiae s00 9 pre SWB. 3010102141 Ao 20018 NOOUS|S 210003) 10 (2) |-O1/ IV | 402K 100,2w | (2) ISK 47Q  [ALAK I BLO | iolZov | VK 
TKV BSR ME oe Mee Ravirot Se eet, ements) buat net Oiirder| eer 
AC. 
. Io19 2104 ~ = 
CRO TSI (4) 
4030002 
A —er ae aii ie ied 
R203 CR57 
220,2W GQ20l 4014934 j 
4060003 + oie \ cRSI 
. , nN . 
ZOOV Z Qion IN 49.36 
ra-Cy- a he Lt ee ae 41265 
4014936 CR52 CRB Bee 
! 2 : IN4004 (4) 2.7, we ‘2 P/O TBIOI 
HI , CRGI rs 
F101 + P/o 
115/230 VAC oan SB. GSW) UY L101 =e * TIO! % L103 -®, +S 
47/440 Hz SAS.B 2OVAYMN HOO\OS ‘ 10. 20V *CRIOZ | eS 
3 c e V 
Lo . eee 
8 
Z 
0 Miewce 
CROS CRSG REA 
SHORT IN4004 (4) 2772 
ONLY L : 
cioz jt C52 
ited is Be AP aes 
a a 
Clo4 
04 TS2 
E KV 10205 A - CROSS 
P/O TBIO) ee , IRE BAT 5OOP 
CRS59 = mae : ‘ kK 
40434 ae 
. av ae 
560,1W 40\4 : 
F 
R2 ; 
loOqm"* 
1% 
LR a Rd. 
G 1K 35V 
: cR3 
+C! 
one 10,20V 
=| 40 5001S cl 
\O 
sr ele 
sem es 
C2 
H ts Riz | RIB 
{OOV 100 | 220 
NOTES: 
[| 1. UNLESS OTHERWISE SPECIFIED: 
ALL RESISTORS ARE IN OHMS’ 
% WATT, 10%. ALL CAPACITORS 
ARE IN MICROFARADS = 
2. COMPONENT DESIGNATIONS 
1 THRU 99, 200 THRU 299 AND 
400 THRU 499 ARE ON P.C. BOARDS. 
3. *SEE TABLE 
Ampex 1809633-01 


Schematie No. 9010221CC. 
Todd Products Corp. 
Case 102 SW Series 


9-195/5-196 


Concentrator 


Table Al. Integrated Circuit Ampex Part Numbers 


AMPEX PART NO. MANUFACTURER'S MANUFACTURER PAGE NO. 
PART NO. 


G 
000-040 MC6810 Motorola A- 
000-128 See 586-554 
000-151 See 587-550 
000-152 See 587-132 
000-153 See 587-549 
001-042 See 590-194 
001-054 See 586-183 
001-076 See 587-664 
001-077 See 587-551 
001-953 DS1488 Motorola 
001-977 See 590-960 
002-050 See 587-205 
002-088 See 589-508 
002-917 See 589-617 
002-929 See 586-923 
002-933 See 000-040 
003-026 See 587-279 


586-075 
586-076 
586-108 
586-183 
586-554 


MC7400 
SN7410N 
SN7474 
SN74H21N 
SN7483N 


Texas Instruments 
Texas Instruments 
Texas Instruments 
Texas Instruments 
Texas Instruments 


586-688 SN74HO04N 
586-703 SN74151N 
586-759 SN7408N 
586-830 SN74S00N 
586-918 SN7432 
586-923 SN74163 
586-978 SN74S112N Texas Instruments 
587-098 SN74S157N Texas Instruments 
587-131 MC10124L Motorola 

587-132 MC10125 Motorola 

587-133 MC10116 Motorola 

587-139 MCI1O131L Motorola 

587-150 SN74S86N Texas Instruments 


Texas Instruments 
Texas Instruments 
Texas Instruments 
Texas Instruments 
Texas Instruments 
Texas Instruments 


587-158 
587-205 
587-278 
587-279 
587-285 


Ampex 1809633-01 


74S174PC 
MC10102 
SN74S85N 
SN74LS138N 
MC10125 


Fairchild 
Motorola 
Texas Instruments 
Texas Instruments 
Motorola 


' 
m= OO CO CONN DN UUU fF Fw 


PPP PPP PPP PDD PDP yP pS 
oO 


7 
[oe ee 
— & 


> 


Concentrator 


Table Al. Integrated Circuit Ampex Part Numbers 
(Continued) 


AMPEX PART NO. MANUFACTURER'S MANUFACTURER PAGE NO. 
PART NO. 


587-291 NE555V Signetics 

587-324 MC10106 Motorola 

587-43] SN74221 Texas Instruments 
587-532 See 586-703 

587-536 74LS193 Texas Instruments 
587-549 MC10104 Motorola 

587-550 MC10136 Motorola 

587-551 MC10176 Motorola 

587-630 MC10115P Motorola 

587-664 MC10174 Motorola 

587-750 74LS02 Fairchild 

587-772 SN74LS161 Texas Instruments 
587-777 SN74LS153N Texas Instruments 
587-778 : SN74LS30N Texas Instruments 
587-814 SN74LS283N Texas Instruments 
587-895 74LS164 Fairchild 

587-952 SN74LS27N Texas Instruments 
589-331 SN74LS273N Texas Instruments 
589-334 SN74LS393N Texas Instruments 
589-369 SN74LS156N Texas Instruments 
589-384 TLO082 Texas Instruments 
589-449 SN74LS244 Texas Instruments 
589-457 SN74245 . Texas Instruments 
589-508 MC10135 Motorola 

589-536 SN74S8374I] Texas Instruments 
589-537 SN74374 Texas Instruments 
589-617 8253 Intel 

589-713 See 587-551 

589-751 SN74LS241 Texas Instruments 
589-752 SN74LS373 Texas Instruments 
589-813 See 586-075 

589-814 See 586-688 

589-815 See 586-759 

589-816 See 586-076 

589-820 See 586-108 

589-823 See 587-279 

589-824 See 587-777 

589-825 See 587-098 

589-827 See 587-895 

589-830 See 586-108 


A-ii Ampex 1809633-01 


Concentrator 


Table Al. Integrated Circuit Ampex Part Numbers 


(Continued) 


AMPEX PART NO. MANUFACTURER'S MANUFACTURER PAGE NO. 
PART NO. 


589-3837 
589-838 
589-846 
589-847 
589-850 
589-920 
589-930 
589-93) 
589-933 
589-934 
589-935 
589-937 
590-193 
590-194 
590-227 
590-326 
590-328 
590-330 
590-333 
590-335 
590-443 
590-461 
590-464 
590-496 
590-543 
590-564 
590-565 
590-584 
590-586 
590-602 
590-606 
590-725 
590-842 
590-843 
590-847 
590-855 
590-866 
590-868 
590-917 
590-932 


See 586-830 
See 586-688 
See 586-108 
See 587-150 
See 586-923 
See 587-952 
See 587-778 
See 587-772 
See 587-431 
See 589-334 
See 587-158 
See 587-158 


See 587-139 
See 586-918 
See 587-630 
See 586-923 
See 589-331 
See 587-750 


See 586-978 


See 587-285 
See 586-703 
See 587-133 
See 587-131 
See 589-752 
See 589-449 
See 589-536 
See 589-384 
See 587-814 
See 587-291 
See 587-098 
See 587-278 
See 589-457 
See 589-536 


See 589-449 
See 589-331 


Ampex 1809633-01 


9637 Fairchild 
DS3692 Fairchild 
AM25S09 AMD 


AM8002 


CDP1854 


A-iii 


Concentrator 


Table Al. Integrated Circuit Ampex Part Numbers 
(Continued) 


AMPEX PART NO. MANUFACTURER'S MANUFACTURER PAGE NO. 
PART NO. 


590-935 See 586-075 

590-940 See 586-108 

590-947 See 589-537 

590-960 MC68B50 Motorola 

590-987 MPY8HJ TRW 

590-989 TMS4164 Texas Instruments 


A-iv | Ampex 1809633-0! 


-~MOTOROLA AMPEX 128 X 8 BIT 

MC68 10 000-040 STATIC RAM 
MOTOROLA AMPEX QUAD LINE DRIVER 
MC1488 001-953 
MOTOROLA AMPEX QUAD 2-INPUT 
MC 7400 586-075 NAND GATE 

1 9 

| 3 “_ PIN 7 = GND 
2 10 PIN14 = Veg (+5V) 
3 = 12 
4 12 
6 11 
5 13 
A-l 


Ampex 1809633-01 


TEXAS INSTRUMENTS AMPEX | 3-INPUT 


Se7a0N 586-076 NAND GATE 
1 PIN 7 = GND 
2 =D re PINT = Vee 
13 9 12 = 1.2.13 
11 
2 6 
= Da 
TEXAS INSTRUMENTS AMPEX DUAL D-TYPE EDGE- 


SN 7474 586-108 TRIGGERED FLIP-FLOP 


PR= PRESET 
CL= CLEAR 
Cp= CLOCK 


th + 11S TIME AFTER POSITIVE 
TRANSITION OF CLOCK 


TEXAS INSTR AMPEX 


DUAL 4-INPUT AND GATE TOTEM 
SN 74H21N 586-183 POLE OUTPUTS 

1 

2 

4 6 VCC 14 

2 GND 7 

9 

10 8 Y=A-B-C-D 

12 

13 


A-2 Ampex 1809633-01 


4-BIT BINARY FULL ADDERS WITH 


FAST CARRY 


AMPEX 
586-554 


TEXAS INST 
SN7483N 


\. Eee 


2XTTFTIrTrsadv~sFasusuik 


ju FIiradswrFrryuos Fru 


Joo et wd tA Taint TIT 


AaATIrIrTIrTsaerTrITrTssus 


No TBE sasr rau rrsasurrs 


~4 
\. ER 


NNose sso rrrrsssusrrre 


«4 
\. EEE 
\ eee eer 


FUNCTION TABLE 


2 
2 
© 
£ 
c 
° 
= 
Q 
ro 
3 
2 
® 
® 
v 
3 
= 


HEX 
INVERTER 


H = high level, L. = low level 


1 


AMPEX 
586-688 


TEXAS INSTRUMENTS 


SN 74HO4N 


ND 
BV (Veg) 


O+ 


iil 


PIN 7 
PIN 14 


A-3 


Ampex 1809633-01 


TEXAS INSTR AMPEX 


SN 74151N 586-703 DATA SELECTOR (MULTIPLEXER) 


DATA INPUT 


1. ENABLE (PIN 7) HIGH, Y LOW, 

Y HIGH. 

2. ENABLE LOW, OUTPUT Y 

FOLLOWS DATA SELECTED (INPUT) 

BY BINARY NUMBER AT DATA 

SELECT. PIN6 (Y) WILL 

BE COMPLEMENT OF SELECTED DATA INPUT. 


TEXAS INSTRUMENTS AMPEX QUAD 2-INPUT 
SN 7408 N 586-759 AND GATE 
TEXAS INSTRUMENTS AMPEX QUAD 2-INPUT 
586-830 NAND GATE 


SN 74SOON. 


GND 
+5V (Vo) 


3 PIN 7 = 
11° PIN14) = 
13 


Ampex 1809633-01 


TEXAS INSTRUMENTS AMPEX OR 
SN 7432 586-918 GATE 
A 
Y 
B 
Y= A+B 
PIN 7= GND 
PIN 14=V., 
TOTEM OUTPUT 
TEXAS INSTRUMENTS AMPEX SYNCHRONOUS > 
SN 74163 586-923 BINARY COUNTER 
COUNT PIN 8=GND 
9 3 4 5 6 ENABLE 10 


PIN 16 = Vec 


RIPPLE 
15: CARRY 
(QA) 


DATA IN 


14 13 12 11 
CLEAR AND LOAD SYNCHRONOUS WITH POSITIVE TRANSITION OF CLOCK PULSE. 


TEXAS INSTRUMENTS AMPEX DUAL J-K NEGATIVE-EDGE-TRIGGERED 
SN74S112N 586-978 FLIP-FLOPS WITH PRESET AND CLEAR 
FUNCTION TABLE 


PRESET CLEAR CLOCK J K 


faa | 
L H x H L 
L H 
H° 
Qo Qo 
H L 
L H 
TOGGLE 


Qg Ag 


SN54LS112/SN74LS112(J, N, W) 
$N54S112/SN74S112(J, N, W) 


x IrrtrxK xK xK 
x rrirexKN K x 


Ampex 1809633-01 


A-5 


TEXAS INST AMPEX = QUADRUPLE 2-LINE-TO-1-LINE DATA 
SN74S157N 587-098 SELECTORS/MULTIPLEXERS 


INPUTS OUTPUT INPUTS OUTPUT 
[roma Nomen, 


Vcc STROBE 4A 48 ay 3A 3B 3Y 


FUNCTION TABLE 
INPUTS OUTPUT Y 


STROBE T "157,'L157,} °LS158 
oe "LS157,’S157| ‘S158 


G 48 ay 3A 


H x L H 
tL L L H 
L L H L 
L H L H 
t H H L 


s 
He 1B 1v 2A 


SELECT 1A 1B rv 2A 28 2Y GNO H = high level, L - fow level, X = irrelevant 


INPUTS OUTPUT INPUTS OUTPUT 
Positive fogic: 
Low level at S selects A inputs 
High level at S selects B inputs 


MOTOROLA | AMPEX | QUAD MTTL TO MECL 
MC10124L 587-131 TRANSLATOR 


POSITIVE LOGIC NEGATIVE LOGIC 


5 4. 
6 2 
Z 3 

| 1 
10 12 
15 
11 13 
14 


Gnd Pin 16 
Vcc (+5.0 Vdc) Pin 9 
VEE (-5.2 Vdc) Pin 8 


A-6 Ampex 1809633-01 


MOTOROLA AMPEX 
MC10125 687-152 MECL TO MTTL TRANSLATOR 


POSITIVE LOGIC 


2 
4 
3 GND 16 
(45) VCC 9 
: -5.2)VEE 8 
5 
7 
10 
12 
11 
14 
13 
15 | 
1 
Ves 
MOTOROLA AMPEX 
MC 10116 587-133 TRIPLE LINE RECEIVER ECL 
4 2 9 6 42 14 
5 3 10 7 13 11 


VBB 11 VEE 8 
VCC 1 1 VCC2 16 


Ampex 1809633-01 A-7 


MOTOROLA AMPEX 


MC 10131 L 587-139 7 DUAL D FLIP FLOP 
EC 
Q 
R.S. R S N#1 15 CLOCKED 
LL Qn CD N#tl 
z : : _ LX Qn 
HOH x, CE 6 H L L 
Not Defined 14 HH 4H 
C=CE+CC 
CC 9 
Vecl = PIN 1 
Vec2 = PIN 16 
Vee = PIN 8 
TEXAS INST AMPEX QUADRUPLE 2-INPUT EXCLUSIVE-OR 
SN74S86N 587-150 — GATES 


[A B| ey 
L 


LoL 

L oH H 

H oL H 
L 


H = high level, L = low level 


A-8 Ampex 1809633-01 


FAIRCHILD AMPEX HEX/QUADRUPLE D-TYPE 
74S174PC 587-158 FLIP-FLOP WITH CLEAR 


FUNCTION TABLE 
me FLIP-FLOP) 


[ INPUTS. OUTPUTS 
| CLEAR CLOCK | iebeas etoge 6 | aia 


D Oo Qa g g DB a = 
D-@c> CK a> cK 
pes tes CLEAR * 
ae CLEA 
Fd CK 


thc deh 


x 
H t H 
H t L 
H L x 


i Srean 
a> ck 
H4 = high level (steady state) 


L = low level (steady state) 
xX = errelevant 


ft = transition from tow to high level 


R 
20 2a 


3a 
Qg = tha level of O before the indicated steady state 


input conditions were established 
t 2175, 15175, and ‘S175 only 


POSITIVE LOGIC: SEE FUNCTION TABLE 


MOTOROLA AMPEX QUAD 2-INPUT NOR GATE 
MC10102 587-205 


POSITIVE LOGIC NEGATIVE LOGIC 


Vcc1 = Pin 1 


Vcc2 = Pin 16 
Veg - Pin8 


Ampex 1809633-01 A-9 


TEXAS INST AMPEX ~~ 4-BIT MAGNITUDE COMPARATOR 
SN74S85N 587-278 


FUNCTION TABLES 


COMPARING 
INPUTS 


CASCADING ouTPurs 
INPUTS 


>B A<B A=BjA>B A<B A=B 


DATA INPUTS 


> 
[=] 
§ 
> 
Vv 


x x x H L L 

x x x L H L 

x x x H. L L 

A3 = B3 }A2< B2 x x x L H L 

A3 = B2 | A2= B2 x x x H L L 

A3=B3 | A2=B2 x x x L H L 

A3 = B3 | A2= B2 x x x H L L 

A3= B3 | A2=B2 x x x L H L 

A3=B3 }A2=82|A1=Bt]A0=B80| H L L H L L 

ae are re A3= 83 [A2=B82/A1=61/A0=B0!] L H L L H L 
pata A3 = 83 | A2= 62 L L H L L H. 


CASCADING INPUTS OuTPUTS 


‘85, ‘S85 


A3 = B3 |} A2=B2 }A1=B1 | AO= BO x x H L L H 
A3 = B3 | A2 = B2 | A1=B1 | AO= BO H H L L t L 
A3= 83 | AZ= B82 | A1= 81 | AO = B80 L L L H H L 


positive logic: see function tables 


TEXAS INSTR AMPEX 
ks 3 TO 8 LINE DECODER/MULTIPLEXER 
SN 74LS138N 587-279 
| ENABLE 
or VCC 16 
GND 8 


1. ALL OUTPUTS HIGH UNLESS ENABLE "1" 
HIGH AND ENABLES "2" AND "3" LOW. 


2. WITH ENABLES SATISFIED (1) (2) (3); 4 
- LOW OUTPUT FOLLOWS BINARY INPUT 


- A,B,C: BINARY ZERO, Q, LOW 
- AHIGH, B,C, LOW (BINARY 1)Q, LOW 


A (2°) 

1 
B (2°) 
C (2”) 
Qo 


A-10 Ampex 1809633-01 


MOTOROLA 
MC10125L 


Ampex 1809633-01 


AMPEX 


QUAD MECL TO MTTL 


587-285 TRANSLATOR | 


POSITIVE LOGIC 


Gnd 


Vcc (*+5.0 Vdc) = 


Veg (-5.2 Vde) 


NEGATIVE LOGIC 


SIGNETICS AMPE X 
NES55V 587-291 TIMER 


8 5 
, ‘© CONTROL 
VOLTAGE 


COMPARATOR 


TRIGGER 


DISCHARGE 


V PACKAGE 
(TOP VIEW) 


~J Le 


GROUND 

TRIGGER 

OUTPUT 

RESET 

CONTROL VOLTAGE 
THRESHOLD 
DISCHARGE 

Vv 


eal oc lt 


cc 


A-12 Ampex 1809633-01 


MOTOROLA AMPEX TRIPLE 4-3-3 INPUT 
MC 10106 587-324 NOR GATE 
POSITIVE LOGIC NEGATIVE LOGIC 
Pp = 30 MW typ/gate (No Load) 
ee 
= 2.0 ns typ (20% - 80%) 
TEXAS INST AMPEX NON-RETRIGGERABLE ONE SHOT 
SN74221 587-431 


SCHMITT TRIGGER INPUTS 


Ampex 1809633-01 


FAIRCHILD/T.I. 
741$193 


AMPEX 
587-536 


PRESETTABLE 4-BIT/BINARY 
UP/DOWN COUNTER 


MOTOROLA 
MC 10104 


A-14 


1116 1°10 9 


Pp = 35 mW typ/gate (No load) 
tog = 2.7 ns typ 
Output Rise and Fall Times: 

= 3.5 ns typ (10% - 90%) 

= 2.0 ns typ (20% - 80%). 


POSITIVE LOGIC 


Vcc = Pin 16 


GND= Pin8 


AMPEX 
587549 


Vec1 =Pin1 
Vec2 = Pin 16 
Vee = Pin8 


QUAD 2-INPUT AND GATE 


NEGATIVE LOGIC 


Ampex 1809633-01 


MOTOROLA AMPEX UNIVERSAL HEXADECIMAL 
MC 10136 587-550 COUNTER 


12116) -14(2)11(18)—16(3) 6110) ogy) 317) 4(8) 
D0 Qo ot at D2 Q2 O83 Q3 Garry Out 
SEQUENTIAL TRUTH TASLE* 


rrereryrewrTrTrcric 


eseel rSses/eeOr 
eseseo]/reee/eoo;nr 


Sees 
erreee 


IerIejyITIIjITe8 Ir 
Tee TrTrTrTrgjr¢rirrer 
rereeri[rTiIriririgr:t 
TeFIITirrrrjre ric 


L 
L 
L 
L 
L 
L 
H 
L 
H 
H 
H 
H 


Ieeerejerxrre 


See oIrrsesse/(eeor 


= Don't care. 
* Truth table shows logic states assuming inputs vary in sequence 
shown from top to bottom. 
** Aclock H is defined as a clock input transition from a low to a 
high logic tevel. 


Veci = Pin 1 (5) Pp = 625 mW typ/pkg (No Load) 
Voec2= Pin 16 (4) feount = 150 MHz typ 
VEE = Pin 8 (12) toa = 3.3 ns typ (C - Q) 


= 7.0 ns typ (C - Coys) 
= 5.0 ns typ (Cin - Cout) 


Ampex 1809633-01 A-15 


MOTOROLA AMPEX HEX “D’ MASTER SLAVE 
MC10176 587-551 


FLIP-FLOP 


Veer = Pind 
Vec2* Pin 16 
Vee =Pin8’ 


CLOCKEOD TRUTH TABLE 
; 
Se cpa 


g¢ Don't Care 


*A clock H +s a clock transition 
Clock 9 from a iow to a high state. 


MOTOROLA - AMPEX 
MC 10115 P 5 87-630 QUAD LINE RECEIVER 
5 11 
; 14 
4 10 
6 12 
: 15 
7 13 
VBB 9 
VCC 2 16 
VEE 8 


A-16 Ampex 1809633-01 


MOTOROLA AMPEX DUAL 4 TO 1 
MC10174 587-664 MULTIPLEXER 


TRUTH TABLE 


Ves = Pint ADDRESS INPUTS 
pase a ae 
EE i ae ee 
Bees Ses 
ee SE ee 
@*= Don't Care 
FAIRCHILD AMPEX 
74LS02 587-750 GATE 
Y=A+B 
Vv 1A 18 2v¥ 2A 2B GND 
TEXAS INSTR AMPEX 
SN74LS161 587-772 SYNCHRONOUS 4-BIT COUNTERS 


RIPPLE OuTPUTS 
CARRY —————————. sCENABLE 
Qp T 


LOAD 


oR) 


LOAD 


Vcc output Qa = =—8R O 


CLEAR CLOCK A 8 Cc D ,ENABLE GND 


cad ender ye 
Ampex 1809633-01 DATA INPUTS s | A-17 


TEXAS INST AMPEX DUAL 4-LINE-TO-1-LINE DATA 
SN74LS153N 587-777 SELECTORS /MULTIPLEXERS 


STROBE DATA INPUTS OUTPUT FUNCTION TABLE 
2v 


SELECT 
INPUTS 


DATA INPUTS STROBE | OUTPUT 


Q 


0 


ci c2 


i?) 


3 


om an 
om or 
1G 
A 1€3_1€2 1C1 1c0 ihA 
DEE iG) 
STROBE 86 
1G SELECT OATA INPUTS 


ceeeere able 
pracaree eld § 


rriIirreeeR,R 
irrezirrex 
x «xX «KKK Ir SX 
-— x KK KK KX 


=x 


=z 
x 


=z 


L 


Select inputs A and B are common to both sections. 
H = high level, L = low level, X = irrelevant 


TEXAS INST AMPEX —S&S~ INPUT POSITIVE-NAND GATES 
SN74LS30N 587-778 | 


positive logic: 
Y = ABCDEFGH 


TEXAS INST AMPEX - 4 BIT BINARY ADDER WITH 
SN 74LS283N 587-814 FAST CARRY 


PIN 8 = GND 
PIN 16 = +5V 


A-18 | Ampex 1809633-01 


FAIRCHILD AMPEX 8-BIT PARALLEL-OUT SERIAL 
74LS164 587-895 SHIFT REGISTER 


OuTPUTS 


Veco ‘9% A Ap Ae Telfel 


SERIAL INPUTS OUTPUTS 


FUNCTION TABLE 

[__eurs_——=«d|~—=«uTPUTS 

CLEAR {CLOCK} A B |{[Qa Og ... Quy 
L 


L L 


H = high level (steady state), L = low level (steady state) 
X = irratevant (any input, including transitions) 
T = transition from low to high level. 
Qpo. Ago. QHo = the level of Qn, Qg, or Ay, respectively, before the indicated 
steady-state input conditions were established. 
Qan. AQGn = the level of Qa or QG before the most-recent f transition of the 
clock; indicates a one-bit shift. 


x 
L x 
t H 
t x 
t L 


TEXAS INST AMPEX TRIPLE 3-INPUT POSITIVE-NOR GATES 
SN74LS27N 587-952 


positive logic: 
Y = A+B+C 


TEXAS INST AMPEX OCTAL D-TYPE FLIP-FLOP WITH CLEAR 
SN74LS273N 589- 


FUNCTION TABLE 
(EACH FLIP-FLOP) 


| INPUTS OUTPUT 
CLEAR CLOCK D Qa 


L x x L 


a4} {3.3} 22} fy 
#5 ae 
CLEAR ise LEAR e 
ies eS 

+ cole te. 
cron 


CLEAR ea Ea ER a a 40 aa GNO 


Positive logic: see function table 


Ampex 1809633-01 A-19 


t 
1 
L 


H = nigh levet (steady state) 

L = low level (steady state) 

X = irrelevant 

t = transition from low to high 

level 

Qo = the tevel of Q before the 
indicated steady state input 
conditions were established. 


TEXAS INST AMPEX DUAL 4-BIT DECADE AND BINARY 
SN74LS393N 589-334 COU 


OUTPUTS 


OUTPUT 
Qp Ac Ag Ag 


COUNT 


0 Lo bk ek ot 
1 L b&b LL oH 
2 bE kL HL 
3 L & 4H oH 
4 L H kL L 
5 L H L oH 
6 L H HL 
7 tL HH H #H 
8 H i LL 
H tL L H 
H t HL 
H L H H 
H H LL 
H H L H 
H H H L 
H H HH H 


TEXAS INST | AMPEX DUAL 2-LINE-TO-4-LINE 
SN74LS156N 589-369 DECODERS/DEMULTIPLEXERS 


INPUTS OUTPUTS 
SELECT | STROBE | DATA 
x 
H 
H 
H 
H 
L 


| 1G 
H 
L 
L 
L 
L 
x 


2yv0 2yY1 2Y2 2v¥3 
Co 
x 
L 
L 
L 
t 
H 


OuTPuTSs 


ELECT 
DATA sTRB INPUT A 
Voc 2 2G A_‘’2¥3 2¥2) 2¥1=—2¥0 


.1¥3 = t¥2) ~«#«1V1_~=«+1Y0;, 


OUTPUTS 


positive logic: see function table 


TEXAS INSTRUMENTS AMPEX JFET-INPUT OPERATIONAL 
TLO82 589-384 AMPLIFIERS 


‘ NON 
out-INV__ INV 
cece pyT INPUT INPUT 


OUT- INV NON 


Vv 
PUT INPUT INV 
INPUT 
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TEXAS INST AMPEX OCTAL BUFFERS/LINE DRIVERS/ 
SN74LS244 589-449 LINE RECEIVERS 
NONINVERTED 3-STATE OUTPUTS 


Vee 26 m ra a s na a 3 4 


ee 
PREECL 


a 2] 2 Ls ie 1A3 U1 LS) a Lee 


XAS_ INST AMPEX OCTAL BUS TRANSCEIVERS WITH 
SN74245 | 589-457 3-STATE OUTPUTS 


ENABLE 
vec FUNCTION TABLE 


pone 
ENABLE 
ONTROL OPERATION 
DIR 


B data to A bus 
A data to B bus 
Isolation 


= high levei, L = low level, X = irrelevant 


O22 A 
creek 
au 
OslaQeet) 
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AMPEX DUAL J-K MASTER-SLAVE 


MOTOROLA 
MC 10135 589-508 FLIP-FLOP 


CLOCK J-K TRUTH TABLE* 


$1 (9) 5 
Ji (11) 7 


K1 (10) 6 


* Output states change on pos: N.D. = Not Defined 


R1(8) 4 tive transition of clock for J . 

C (13) 9 K input condition present Vcci= Pin 1(5) 

$2 (16) 12 | Vec2 = Pin 16 (4) 
R-S TRUTH TABLE Vege = Pin8 (12) 


J2(14)10 —- 


OCTAL D-TYPE TRANSPARENT 


TEXAS INSTRUMENTS AMPEX 
SN74S374J | 589.536 ? LATCH AND EDGE- 
7 = TRIGGERED FLIP-FLOP 


"LS374, ‘S374 
FUNCTION TABLE 


OUTPUT CLOCK D 
CONTROL 


H 
L 
x 
X 


OUTPUT 
H 


L 
Qo 
z 


ouT ia (Ss 
CONTROL 


See explanation of function tables on page 3.8. 


AMPEX OCTAL D-TYPE TRANSPARENT LATCHES 


TEXAS INST 
AND EDGE-TRIGGERED FLIP-FLOPS 


SN74374 589-537 


OUTPUT 
OUTPUT 
CONTROL one 
L 


H 
' L L 
L L x Qo 
H x x z 
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INTEL AMPEX PROGRAMMABLE 
8253 589-617 INTERVAL TIMER 


1 
2 
3 
4 
5 
6 
7 
8 
9 


DECODED Ag ADD Xxxx- 
ADDRESSES XXXX 
Al WR D0-D7 

DO0-D7 Bidirectional data bus. 

CLK 0, 1, 2 Counter clock inputs. 

GATE 0, 1, 2: Enables counter (0, 1, 2) when high. 

OUT 0, 1, 2 Counter outputs. 

WR Write (asserted low)—allows data to 
enter counters and mode to enter control 
register. 

1 NO-OPERATION 3 STATE RD Read (asserted low)—allows counter 
contents onto data bus. 

cs Chip select (asserted low). 

TT [aT [rc oreranon star 
AO, Al Two-bit address selects counter. 
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TEXAS INSTRUMENTS AMPEX OCTAL BUFFERS AND LINE DRIVERS 
SN74LS241 589-75] WITH 3-STATE OUTPUTS 


1G 1A1 2Y4 1A2 2Y3 1A3 2Y2 1A4 2Y1 GND 


$$ 

TEXAS INSTRUMENTS AMPEX OCTAL D-TYPE TRANSPARENT 

SN74LS373 589-752 LATCH AND EDGE-TRIGGERED 
FLIP-FLOP 


ENABLE 
Vee 80 8D 70 #=70 #=62 6D 5D 5Q LATCH 


2D 20 


FUNCTION TABLE 
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FAIRCHILD AMPEX DUAL DIFFERENTIAL 
9637 590-193 LINE RECEIVER 


FAIRCHILD AMPEX 
DS3692 590-194 DIFFERENTIAL LINE DRIVER 


Voc [11 16 | _] RISE TIME CONTROL A 
INPUT A [| 2 15{_] OUTPUT A 
INPUT B/DISABLE [| 3 14] ] OUTPUT B 

MODE |_| 4 13 [|_| RISE TIME CONTROL B 

GND [| 5 12] ] RISE TIME CONTROL C 

INPUT C/DISABLE [ | 6 11{_ ] OUTPUT C 

INPUT D [_] 7 10] ] OUTPUT D 


Vee (18 9 [7] RISE TIME CONTROL D 
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ADVANCE MIRCO DEVICES AMPEX QUAD TWO-INPUT 
AM25S09 590-227 HIGH-SPEED REGISTER 


ean eee near ee LT I LIL CODE CD ATC TTT ID SCD LACT CCS DIN EAS STL OF POE RASS 
ADVANCED MICRO DEVICES AMPEX 16-BIT MICROPROCESSOR 
AMz8002 ‘590-866 
LOGIC SYMBOL 


ADDRESS, 
DATA BUS 


+5V GND CLK 


DECOUPLE 
(DO NOT USE) 
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RCA AMPEX UNIVERSAL ASYNCHRONOUS 
CDP1854 590-932 RECEIVER/TRANSMITTER 


Voo 
MOOE (Vop) 

Vss 

tse 


R BUS 7 
R BUS 6 
Reus 5 
ReUS 4 
R BUS 3 
R BUS 2 


7 
2 
3 

4 
5 
6 
7 
8 
9 


TOP VIEW 
NC*NO CONNECTION 


MOTOROLA AMPEX ASYNCHRONOUS COMMUNICATION 
MC68B50 590-960 INTERFACE ADAPTER 


Ampex 1809633-01 A-27 


TRW AMPEX LSI MULTIPLIER 
MPY8HJ_ 590-937 


P5 1 P4 
P6 2 P3 
P7 3 P2 
CLKP 4 P1 
TRIM 5 PSGN (MSP) 
TRIL 6 YSGN 
PSGN(LSP) 7 v1 
P8 8 Y2 
P9 Og GND 
P10 10q Y3 
P11 11 Vcc 
P12 12 Y4 
P13 13 Y5 
P14 14 Y6 
X7 15 Y7 
X6 16 RND 
X5 17 CLK Y 
X4 18 CLK X 
X3 19 XSGN 
X2 20 x1 
TEXAS INSTRUMENT AMPEX 65K-BIT DYNAMIC RANDOM- 
TMS41 64 590-989 ACCESS MEMORY 
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